
DOCKETED 
Docket Number: 18-IRP-01 

Project Title: Integrated Resource Plan 

TN #: 227887 

Document Title: SMUD Resource Planning Report 

Description: 
Resource planning report, updated RPS procurement plan and 
appendices supporting the report 

Filer: Olof Bystrom 

Organization: SMUD 

Submitter Role: Applicant 

Submission Date: 4/29/2019 10:30:14 AM 

Docketed Date: 4/29/2019 

 



SMUD  | Resource Planning Report 1SMUD  | Resource Planning Report 1

Resource 
planning report
IRP � ling report for submission to the 

California Energy Commission

APRIL 2019



2

1.      Executive summary ..................................................................................................................................7

2.      Introduction  ............................................................................................................................................16

2.1   SMUD overview ..............................................................................................................................18

2.2   Balancing Authority of Northern California  ....................................................................................19

2.3   Customer programs ........................................................................................................................20

2.3.1   Commercial/Industrial programs  .........................................................................................20

2.3.2   Residential programs ..........................................................................................................21

2.3.3   Information and education programs  .................................................................................23

2.4   Rates ...............................................................................................................................................23

2.5   IRP process overview ......................................................................................................................26

2.5.1   IRP refresh and update process ..........................................................................................27

2.6   Stakeholder process .......................................................................................................................28

2.7   IRP objectives .................................................................................................................................29

2.8   IRP scenarios ...................................................................................................................................31

2.8.1   Option1: The Adopted Scenario  .........................................................................................31

2.8.2   Option 2: multiple GHG targets ..........................................................................................32

2.8.3   Option 3: Absolute zero scenario  .......................................................................................32

2.8.4   Summary of key scenario assumptions ...............................................................................32

3.      Policy and economic planning environment  ..........................................................................................34

3.1   California policy snapshot ..............................................................................................................35

3.2   Economic planning environment  ....................................................................................................36

3.2.1   In�ation  ...............................................................................................................................36

3.2.2   Targets for renewable energy and greenhouse gas ............................................................36

3.2.3   Energy storage ....................................................................................................................37

3.2.4   Natural gas market price forecast .......................................................................................37

3.2.5   Electricity market price ........................................................................................................38

3.2.6   CAISO transmission access charges ....................................................................................39

3.2.7   Greenhouse gas price forecast ...........................................................................................39

TABLE OF CONTENTS



3

4.      IRP modeling methodology  ...................................................................................................................40

4.1   PATHWAYS software overview .......................................................................................................41

4.2   RESOLVE software overview ...........................................................................................................42

4.3   RECAP software overview ..............................................................................................................42

4.4   PLEXOS software overview.............................................................................................................43

5.      Electricity demand 2019-2030  ...............................................................................................................44

5.1   Load forecast methodology and data  ............................................................................................46

5.2   Demand response ..........................................................................................................................48

5.3   Energy ef�ciency and electri�cation of transportation and buildings  ............................................50

5.3.1   Energy ef�ciency  .................................................................................................................51

5.3.2   Building electri�cation  ........................................................................................................52

5.3.3   Transportation electri�cation  ...............................................................................................53

5.4   Distributed energy resources behind the meter  ............................................................................56

5.5   Dynamic electricity rates (TOD rate) ...............................................................................................57

5.5.1   Load impact of TOD rates  ...................................................................................................58

5.6   Additional drivers of electricity demand  ........................................................................................59

5.6.1   Key account commercial customers ....................................................................................59

5.6.2   New commercial development  ...........................................................................................59

5.6.3   Indoor cannabis cultivation  .................................................................................................59

5.7   Load forecast 2019-2030 ................................................................................................................60

5.8   Expected load after 2030  ...............................................................................................................61

6.      Existing energy supply  ...........................................................................................................................62

6.1.1   Transmission ........................................................................................................................62

6.1.2   Existing generation portfolio ...............................................................................................63

7.      New resource supply options  ................................................................................................................67

7.1.1   Local vs non-local energy resources ....................................................................................68

7.1.2   Energy storage ....................................................................................................................70

7.1.3   Solar PV capacity .................................................................................................................72

7.1.4   Wind ....................................................................................................................................74

7.1.5   Geothermal .........................................................................................................................74

7.1.6   Biomass and biogas ............................................................................................................75

7.1.7   Unspeci�ed resource purchases ..........................................................................................75

8.      System and local reliability  ....................................................................................................................76

8.1   Planning reserve margin .................................................................................................................76

8.1.1   Local reliability and capacity needs ....................................................................................77

8.2   Operating reserves and NERC reliability standards .......................................................................78

8.2.1   Simplifying assumptions for the RESOLVE model ...............................................................79

8.3   Energy Imbalance Market ...............................................................................................................79



4

9.      Results ....................................................................................................................................................80

9.1   Adopted Scenario  ..........................................................................................................................80

9.1.1   Resource portfolio ...............................................................................................................81

9.1.2   Energy balance and capacity accounting ............................................................................82

9.1.3   Net demand during summer peak hours  ............................................................................84

9.1.4   Net demand during spring low-load and peak hydro conditions  .......................................85

9.1.5   Local net zero ......................................................................................................................86

9.2   Alternative scenarios ......................................................................................................................89

9.3   Senate Bill 100 ................................................................................................................................91

9.3.1   Moving toward zero greenhouse gas emissions – an example for 2040 ............................91

10.    Localized air pollutants and disadvantaged communities  ....................................................................93

10.1.1   Emissions from production of electricity in disadvantaged  

             communities within SMUD’s service territory ....................................................................94

10.1.2   SMUD actions and programs impacting disadvantaged communities  ...............................96

10.1.3   Other SMUD programs impacting disadvantaged communities  

             and low income customers ...............................................................................................98

11.    Greenhouse gas emissions ..................................................................................................................100

11.1   Voluntary GHG reduction programs & research .........................................................................102

12.    Retail rates ...........................................................................................................................................105

13.    Transmission and distribution plans  .....................................................................................................107

13.1  Bulk transmission system .............................................................................................................108

13.1.1   Transmission system reliability ........................................................................................108

13.1.2   Transmission system upgrades ........................................................................................109

13.2  Distribution  ..................................................................................................................................111

13.2.1   Grid modernization and integration of DERs  ..................................................................111

13.3  Integrating expected IRP impacts on the transmission and distribution systems  .......................112

14.    Action plan and next steps  ..................................................................................................................113

14.1  IRP risks and barriers ...................................................................................................................116

15.    Glossary ................................................................................................................................................118

15.1  Acronyms .....................................................................................................................................119

16.    Appendix A: Overview of California’s clean energy policy development  ...........................................121

17.    Appendix B: Renewable energy procurement plan  ............................................................................128

18.    Appendix C: Board resolution and IRP adoption documents  .............................................................146

19.    Appendix D: Load forecast methodology and data sources  ..............................................................199

19.1  Load and sales projections ..........................................................................................................200

19.2  Economic and demographic data  ...............................................................................................200

19.3  Sacramento weather ....................................................................................................................201

19.3.1   Variability of load forecast: extreme temperature scenarios  ...........................................203

19.4  Forecast errors .............................................................................................................................203

19.5  Data and sources .........................................................................................................................208



5

TABLE OF FIGURES

Figure 1. Annual energy balance 2019-2030 (GWh) .......................................................................................12

Figure 2. Annual capacity balance 2019-2030 (MW) .......................................................................................12

Figure 3. SMUD overview ................................................................................................................................18

Figure 4. SMUD service territory .....................................................................................................................19

Figure 5. 2018 IRP development, stakeholder engagement and board approval process  .............................26

Figure 6. Process for updating SMUD’s integrated resource plan  ...................................................................27

Figure 7.  2018 key themes in public comments  .............................................................................................28

Figure 8.  Strategic planning directive 9 on resource planning from SMUD Board  ........................................30

Figure 9. California energy policy timeline 2000-2018  ...................................................................................35

Figure 10. IRP modeling framework ................................................................................................................40

Figure 11. SMUD versus 2017 IEPR load forecast ...........................................................................................45

Figure 12. Annual energy demand components in 2030 (GWh)  .....................................................................61

Figure 13. SMUD transmission overview .........................................................................................................63

Figure 14. Existing and contracted capacity 2019-2030 (MW Nameplate)  .....................................................66

Figure 15. California new resource zones ........................................................................................................68

Figure 16. Expected installed costs of substation-connected 4-hour lithium-ion  

battery storage 2019-2030 relative to other capacity options  ........................................................................71

Figure 17. Levelized costs for new potential resources delivered at the busbar ($/MWh)  ..............................75

Figure 18. Annual energy balance ...................................................................................................................82

Figure 19. Annual capacity balance 2019-2030 (MW) .....................................................................................83

Figure 20. Resource contributions to the 2030 peak and net peak load  ........................................................84

Figure 21. Example of low-load and high-hydro conditions in 2030  ..............................................................85

Figure 22. SMUD’s long term greenhouse gas goals and arb greenhouse gas planning targets by 2040  ........87

Figure 23. GHG emissions avoided in the Sacramento region due to local electri�cation  

under the Adopted Scenario  ...........................................................................................................................88

Figure 24. Example of a capacity challenge in 2040 if all resources were fossil fuel free. ..............................92

Figure 25. Disadvantaged communities within SMUD service territory  ..........................................................94

Figure 26. Expected annual reductions of criteria pollution and GHGs from  

SMUD electricity generation in DAC areas .....................................................................................................95

Figure 27. SMUD IRP GHG emissions 2020-2030 .........................................................................................101

Figure 28. SMUD distribution system pro�le  ................................................................................................110

Figure 29. Sacramento County population and residential customer annual growth  ...................................201



TABLE OF TABLES

Table 1. Peak load and resource balance (MW, 2019-2030) ............................................................................10

Table 2. New Resources for the IRP .................................................................................................................11

Table 3. Report reference guide  ......................................................................................................................15

Table 4. SMUD rate comparison ......................................................................................................................24

Table 5.  EAPR rate discounts 2019-2021........................................................................................................25

Table 6. IRP scenarios overview .......................................................................................................................33

Table 7. SMUD’s greenhouse gas emissions targets and IRP RPS planning goals ..........................................37

Table 8. Power, natural gas, TAC and greenhouse gas prices 2019-2030.......................................................39

Table 9.  Dispatchable demand response programs 2019-2030 (MW) ...........................................................49

Table 10. Expected growth of electric vehicles in the Sacramento region 2020-2030  ...................................53

Table 11. Residential TOD rates ......................................................................................................................57

Table 12. Calculation of price elasticities for TOD impacts  .............................................................................58

Table 13. Incremental energy and load  ...........................................................................................................59

Table 14. Indoor cannabis cultivation projects and sales and load impacts  ....................................................60

Table 15. Annual electricity demand, peak demand and customer count 2019-2030  ....................................60

Table 16. Existing thermal capacity (summer peak NDC MW) ........................................................................64

Table 17. Existing hydroelectric capacity  (summer peak NDC MW) ..............................................................65

Table 18. Existing renewable energy capacity (Nameplate MW) ....................................................................65

Table 19. Resource potential by resource type considered to be available to  

SMUD for consideration as future capacity additions  .....................................................................................69

Table 20.  Operating reserve assumptions for production cost model (MW).  .................................................79

Table 21. New supply and demand response resources for the Adopted Scenario (MW)  ..............................81

Table 22. Resource portfolio for alternative scenarios (nameplate MW) .........................................................89

Table 23. 2030 planning reserve margin peak demand results for alternative scenarios ................................90

Table 24.  EAPR eligibility guidelines (effective June 1, 2018) ........................................................................96

Table 25. Customer rate impact (real 2016 $) ...............................................................................................106

Table 26. Transmission system upgrades to improve the reliability of the bulk transmission system ...........110

Table 27. IRP action plan ...............................................................................................................................115

Table 28. California energy legislation and executive orders 2002-2018  .....................................................121

Table 29. SMUD customer account forecast .................................................................................................200

Table 30. Normal average daily temperatures  ..............................................................................................202

Table 31. Normal cooling and heating degree days per month  ...................................................................202

Table 32. Extreme temperature scenarios .....................................................................................................203

Table 33. Retail sales errors (MWh) ................................................................................................................203

Table 34. System peak errors ........................................................................................................................203

Table 35. Customers account forecast errors ................................................................................................203

Table 36. Retail sales, system energy, peak, and customer accounts............................................................204

Table 37. Sales by retail classes .....................................................................................................................205

Table 38. Average monthly customer accounts by class ...............................................................................206

Table 39. 2017 billing determinates by rate schedule  ..................................................................................206

Table 40. Sacramento County economic and population history and forecast  .............................................207

6



7

1. Executive  
Summary
SMUD’s 2018 Integrated Resource Plan (IRP) outlines an 

ambitious road map for lowering greenhouse gas (GHG) 

emissions in the Sacramento region while maintaining our 

historically low rates and reliable service to our customers.  

The IRP was developed by exploring alternative scenarios 

for decarbonization in the region and the �nal resource 

portfolio was adopted after extensive review by the SMUD 

Board of Directors and input from customers and other 

stakeholders. The IRP was adopted on Oct. 18, 2018 and 

is attached as Appendix C to this report.

This supplemental resource planning report provides 

additional information and background regarding our 

IRP, including a discussion of the resource portfolios 

considered and the underlying data, methodologies and 

analyses supporting the IRP. This report also provides 

transparency regarding the IRP process as it relates to 

requirements de�ned in Senate Bill 350 (SB 350) and 

elaborated in the IRP Guidelines developed by the 

California Energy Commission (CEC).

The IRP process considered a range of resource alternatives 

and scenarios for serving SMUD’s customers in the 2019-

2040 period, including energy ef�ciency and demand 

response, electri�cation, renewable generation, distributed 

generation and energy storage. Our IRP is focused on 

options for achieving signi�cant decarbonization in the 

region while at the same time meeting objectives of 

affordability, minimizing rate impacts and maintaining 

reliability. Therefore, it includes signi�cant advancements 

on the demand side, including energy ef�ciency, demand 

response, transportation electri�cation and building 

electri�cation. This supplemental report shows our results 

for the 2019-2030 period. 
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At SMUD, our goal has been 

to reduce emissions even 

further – to 90% below 1990 

levels by 2050.  As part of 

the 2018 IRP process, our 

Board modi�ed this goal to 

achieve net zero greenhouse 

gas emissions by 2040, as 

explained below.

The scenarios we explored as part of the resource 

planning process focused on decarbonization that will 

put us on track for meeting net zero greenhouse gas 

emissions by 2040. We therefore examined several long-

term decarbonization scenarios, all of which meet the 

statutory requirements in terms of GHG emissions, RPS 

requirements and energy ef�ciency. Our analyses suggest 

that in order for California to reach its goal of 80% GHG 

emission reductions and for the Sacramento region to 

achieve the same level of reductions, it may be necessary 

to dramatically scale up the pace of electri�cation of 

buildings and transportation while also maximizing 

improvements in energy ef�ciency, demand response 

As with any long-term outlook, there is signi�cant 

uncertainty regarding the resource plan outlined in our IRP 

and in this supplemental report. Our plan was developed 

based on assumptions regarding future load growth, 

regional demographics, energy ef�ciency improvements, 

capital costs for new resources, market and regulatory 

conditions and other potential scenarios. As these factors 

may change signi�cantly over time, we expect to adjust 

our resource plan as needed to best re�ect current market 

conditions. We will refresh our IRP annually based on 

strategic directions from our Board and conduct thorough 

updates and revisions every �ve years.

Our Integrated Resource Plan

California is taking steps toward achieving a low-carbon 

economy, most recently by requiring that GHG emissions 

be reduced to at least 40% below 1990 levels by 2030 

and that electric load serving entities source at least 60% 

of retail sales from renewable sources by 2030. These 

advances put California on a path to achieving a long-

standing goal of reducing the state’s GHG emissions to 

80% below 1990 levels by 2050.

NET-ZERO-CARBON  

ELECTRICTY BY 

2040

1. Executive Summary
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and renewable energy. This would have to be done at 

all points in the grid, from large scale grid-connected 

renewables and storage to small scale behind-the-meter 

resources. 

In preparing the various IRP scenarios, we �rst considered 

how much our distributed energy resources portfolio 

would need to expand to reduce the Sacramento region’s 

greenhouse gas emissions to 80% below 1990 levels by 

2050 (electricity sector as well as transportation, buildings 

and other sources). We then considered other resource 

options, including renewable energy and storage as 

potential candidates for future resource expansion. 

Several scenarios were developed that considered 

different levels of GHG reductions and resource 

combinations for review and discussion with stakeholders 

and our Board.

The scenario we chose that became our resource plan 

(Adopted Scenario) includes a combination of supply 

and demand side measures that, together with a focus 

on electri�cation, has the potential to bring our 2040 

emissions to net zero. While we expect to still use natural 

gas in our power plants, this will be offset by fossil fuel 

emission reductions from buildings and from transportation. 

A key action item resulting from our IRP is to develop the 

accounting methodology for our net zero concept.

Table 1 shows the expected peak load and resource 

capacity balance for the 2019-2030 period. Table 2 

shows a subset of Table 1, namely the new resources that 

are part of the IRP, including incremental demand side 

impacts such as energy ef�ciency, demand response, 

distributed generation, electri�cation and electric 

transportation. Table 2 shows that beyond the near-term 

new supply-side renewable resources that we already have 

under development, we do not expect to need additional 

new energy and capacity resources until towards the end 

of the next decade.

More details regarding the IRP resource portfolio are 

available in Chapter 9 of this report as well as in the 

mandatory tables submitted together with this report.  

1. Executive Summary
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Table 1.  Peak Load and Resource Balance (MW, 2019-2030)

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Electricity Demand and Reserves

Expected Peak Load(1) 3,096 3,125 3,177 3,204 3,229 3,254 3,285 3,315 3,344 3,377 3,409 3,447

15% Planning  
Reserve Margin

464 469 477 481 484 488 493 497 502 507 511 517

Distributed Energy 189 229 271 293 309 324 329 367 409 466 496 538

Demand Response(2) 111 116 124 130 136 143 149 153 159 170 185 197

Total Load & Margin 3,260 3,249 3,259 3,262 3,268 3,275 3,300 3,292 3,278 3,248 3,239 3,229

Resources (MW available for peak load)

Battery - - - - - - - - - - - 246

Natural Gas(3) 931 885 887 878 879 879 878 878 875 873 873 865

SMUD Hydro 677 677 677 677 677 677 677 677 677 677 677 677

WAPA Hydro 336 336 336 336 336 336 336 336 336 336 336 336

Biomass/Geothermal (4) 171 226 224 190 185 185 186 184 186 188 189 197

Solar 105 113 232 233 235 236 235 234 254 262 263 277

Wind 104 105 105 106 106 144 130 131 162 192 207 229

Market Capacity  
Purchases

936 907 798 842 850 818 859 853 787 720 694 403

Total Dependable 
Capacity

3,260 3,249 3,259 3,262 3,268 3,275 3,300 3,292 3,278 3,248 3,239 3,229

(1)  1-in-2 annual peak load.

(2)  Demand Response is grossed up by 15% here to account for the fact that it is applied to the load and we do not carry planning reserves for it. 

(3)  Hydro and thermal generator capacities listed as the net dependable capacity (NDC) during peak summer conditions. Renewable energy resources 
show the expected load carrying capability (ELCC) at the expected peak hour of the annual peak net load.  

(4)  A share of Cosumnes Power Plant’s Net Dependable Capacity is reported here as biomass – represents the proportion of Cosumnes expected to 

the fueled by biomethane.

1. Executive Summary
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Because our IRP focuses on electri�cation of the 

Sacramento region, we expect to experience some load 

growth over the 2019-2030 period. This is because growth 

of Solar PV, improvements in energy ef�ciency, and demand 

response will be offset by increasing demand from more 

electric vehicles and all-electric homes and buildings.

After 2030, when electri�cation in the slow-to-change 

building sector gains momentum because of investments 

we expect to make in the next 5-10 years, load growth is 

expected to remain strong, even though we’ll continue 

to see increases in the amount of behind-the-meter 

generation and storage as well as further improvements of 

energy ef�ciency. 

Figure 1 shows the expected annual energy balance for 

the 2019-2030 period and Figure 2 shows the capacity 

balance (including a 15% reserve margin) for the same 

period. The �gures show that over time, we will continue 

to pursue a highly diversi�ed resource portfolio that 

includes an increasing share of renewable energy and 

eventually storage.  

Figure 2 also shows that over time, we expect distributed 

resources and demand response to become increasingly 

important for cost-effectively maintaining capacity and 

reserves and making sure we have enough resources to 

serve load during high demand hours and during hours with 

signi�cant ramping needs. Even though the penetration 

of renewable energy on SMUD’s system will increase over 

time, we don’t see any risk for curtailments within our service 

territory or balancing authority area due to overgeneration 

by solar or wind resources in the 2019-2030 period.  

Table 2.  New Resources for the IRP 

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Demand-Side Resources 

Additional Achievable 
Energy Ef�ciency (GWh)

85 178 276 394 508 612 754 900 1,050 1,196 1,322

Building Electri�cation 
(GWh)

7 13 24 44 71 104 144 189 240 298 365

Transportation  
Electri�cation (GWh)

68 98 138 189 259 367 446 548 652 779 936

Demand Response (MW) 101 108 113 119 124 130 133 139 148 161 171

Supply-Side Resources (Nameplate MW)

Biogas/Biomass 7 7 7 - - - - - - - -

Small Hydro 3 3 3 3 3 3 3 3 3 3 3

Wind 200 200 200 200 268 268 268 268 268 503 554

Solar 123 223 223 223 223 223 223 223 223 276 323

Solar SolarSharesSM 20 20 32 44 56 66 79 94 111 126 141

Battery Storage 4hr - - - - - - - - - - 246

Market Capacity  
Purchases

907 798 842 850 818 859 853 787 720 694 403

1. Executive Summary
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Figure 1.  Annual Energy Balance 2019-2030 (GWh)

Figure 2.  Annual Capacity Balance 2019-2030 (MW)

1. Executive Summary

Charging and discharging of utility scale batteries is shown in both system load (charging) and energy supply (discharging).
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SB 100 compliance

Our IRP scenarios and analyses were completed before 

the passage of SB 100 that requires utilities to meet 

electric demand with at least 60% eligible renewable 

resources by 2030. To ensure compliance with these 

requirements, we plan on �lling gaps with a combination 

of purchases of renewable energy credits (RECs) and 

acquisition of additional renewable energy through 

ownership or contracting. The incremental rate impact of 

this additional procurement/contracting is expected to 

be minimal (see section 12 for details), compared to our 

adopted resource plan. Our updated RPS Procurement 

Plan, attached as Appendix B to this report, re�ects these 

additional activities to meet SB 100.

Minimizing rate impact

SMUD’s retail electric rates are among the lowest in 

California.  Over the 2019-2030 period, our IRP is expected 

to result in annual rate increases of about 1-2% per year, in 

real terms, for residential customers.1 This estimate covers 

only the incremental changes associated with our IRP, such 

as investments in new capacity, distribution infrastructure 

upgrades to support DERs and new load, and customer 

programs to support energy ef�ciency and electri�cation. 

When factored in with other costs that typically impact 

rates but are not part of this IRP – such as adjustments 

for changing costs of operations, programs maintenance, 

etc – the actual rate impact may be different than what is 

estimated in this report.

2030 greenhouse gas reductions and beyond

SMUD continues to deliver reliable power to our 

customers with a minimal greenhouse gas footprint, 

thanks to our renewable energy portfolio, greenhouse 

gas-free hydro resources and forward-looking research 

and development programs that consider voluntary 

programs and potential new greenhouse gas offsets.

Over the 2019-2030 period, our goal is to reduce GHG 

emissions from over 2.2 million metric tons in 2019 

to 1.35 million metric tons in 2030. This would be a 

reduction of more than 40% from today’s levels and 60% 

below our 1990 emission levels. Our 2030 goal also puts 

SMUD’s emissions on the low end of the greenhouse gas 

emissions target range for SMUD established by the ARB 

in its 2018 report on greenhouse gas planning targets for 

the electricity sector. 2   

In adopting our 2018 IRP, the Board also required that 

we attain net-zero greenhouse gas emissions by 2040. 

By focusing on electri�cation programs, education and 

incentives, we expect that our power plant GHG emissions 

in 2040 will be more than offset by GHG emission reductions 

that are achieved by electri�cation in the building and 

transportation sectors in the Sacramento region.

A key action item for SMUD over the next few years is to 

develop and evolve effective electri�cation programs and 

adopt a methodology for how we account for emission 

reductions in other sectors. The greenhouse gas emission  

reductions estimated in this report do not account for 

secondary emission reduction impacts resulting from our 

efforts in other sectors or regions. The mandatory CEC 

reporting tables submitted with this report do, however, 

include the estimated impact on GHG emissions in the 

transportation sector resulting from our electri�cation efforts, 

based on using the calculator that the CEC has provided for 

this purpose.

1  This value does not include effects of in�ation.
2  https://www.arb.ca.gov/cc/sb350/staffreport_sb350_irp.pdf.

1. Executive Summary
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Disadvantaged communities bene�t  
from lower emissions

About 190,000 of Sacramento County residents live 

in disadvantaged communities, some of which are 

also near our fossil fuel power plants. Because the IRP 

re�ects our plans to invest more in renewable energy, 

storage, electri�cation, energy ef�ciency and demand 

response, emissions from our existing power plants will 

decline over time. For all power plants, including those 

in disadvantaged communities, our plan is expected 

to reduce criteria air pollutant emissions by over 50% 

by 2030, compared to 2016 levels. We also expect to 

reduce emissions due to equipment investments at our 

cogeneration facilities that allow us to provide required 

steam while running our power plants less. In addition,  

our focus on electri�cation and renewable energy 

programs for low income customers will bene�t 

disadvantaged communities through economic 

opportunities, cleaner energy supply, lower overall bills 

for energy, and reduced emissions from buildings and 

transportation. 

CEC guidelines and SB350

This supplemental report was developed to ensure the 

documentation supporting our IRP meets the requirements 

of SB 350 and follows the IRP guidelines provided by the 

CEC. To help identify how this report addresses each of the 

issues identi�ed in the Public Utility Code and the CEC IRP 

guidelines, Table 3 provides a guide to where each of the 

issues are discussed in the report.

1. Executive Summary
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CEC guidelines chapter
SMUD resource planning report 
chapter reference

Report 
chapter #

Starting 
on page

2A  Planning horizon Executive summary 1 7

IRP objectives 2.7 29

IRP scenarios 2.8 31

2B  Scenarios and sensitivity analysis IRP scenarios 2.8 31

Results 9 80

2C  Standardized tables Filed separately N/A N/A

2D  Supporting information  N/A N/A N/A

2E  Demand forecast Electric demand 2019-2030 5 44

1  Reporting requirements CRAT &EBT N/A N/A

2 Demand forecast methodology and assumptions Load forecast methodology and data 5.1 46

Appendix D. Load forecast 
methodology and data sources

19 199

3 Demand forecast – other regions N/A N/A

2F  Resource procurement plan

 1  Diversi�ed procurement portfolio Existing generation portfolio 6.1.2 63

New resource supply options 7 67

Results 9 80

 2  RPS planning requirements Appendix B 17 128

 3  Energy ef�ciency and demand response resources Demand response 5.2 48

Energy ef�ciency 5.3 50

CRAT & EBT N/A N/A

 4  Energy storage Energy storage 7.1.2 70

Adopted Scenario 9.1 80

 5  Transportation electri�cation Transportation electri�cation 5.3.3 53

2G  System and local reliability System and local reliability 8 76

 1  Reliability criteria Planning reserve margin 8.2 76

Operating reserves and NERC 
reliability standards

8.3 78

 2  Local reliability area Local reliability and capacity needs 8.1.1 77

 
3  Addressing net demand in peak hours Net demand during summer peak 

hours
9.1.3 84

Net demand during springtime low 
load and peak hydro conditions

9.1.4 85

2H  Greenhouse gas emissions Greenhouse gas emissions 11 100
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2K
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10 93
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2.  
Introduction 
SMUD’s IRP is a living document that is intended to guide 

efforts to supply reliable electricity in an environmentally-

responsible and cost-effective manner through planning 

strategies that achieve high-level policy goals. Our IRP 

is refreshed annually to address staff recommendations 

for additional study and to re�ect legislative, regulatory, 

market and technology changes.

In 2015, California enacted the Clean Energy and 

Pollution Reduction Act (Senate Bill 350) that introduced 

new requirements on both investor-owned and publicly-

owned electric utilities. SB 350 directed SMUD to adopt 

an IRP by Jan. 1, 2019 that met speci�c RPS procurement 

and GHG reduction goals, while considering other goals, 

such as reliability, ratepayer impacts and effects on 

disadvantaged communities. We’re required to submit the 

plan to the CEC for review.  SB 350 also requires SMUD’s 

Board to adopt a process to update the IRP at least every 

5 years to ensure we continue on a path to meet the 

state’s goals.  

SMUD’s IRP was developed as part of a public process 

that included involvement from our customers and 

community. Our Board of Directors adopted the IRP 

on Oct. 18, 2018 and the IRP is the basis for this 

supplemental resource planning report.

The IRP relies on numerous planning assumptions that 

help model our electricity system under various scenarios. 

While these assumptions and scenarios are plausible and 

simulated using the best available modeling techniques, 

the results are illustrative and may not correlate fully with 

SMUD’s near-term budgets and plans. Our analyses are 

conducted from a policy perspective to demonstrate how 

different planning targets affect operations, revenues, 

reliability and costs/rates.
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This report is organized as follows: 

• The remainder of this section 

provides a general overview of SMUD 

as well as an overview of the current 

IRP process and how we expect 

to update our resource plan in the 

future.  

• The majority of the report is focused 

on providing background data, 

assumptions and methodology that 

drive our IRP, such as demand, fuel 

prices and modeling methodology. 

Chapter 3 of this report presents policy 

and market context for the analyses 

and Chapter 4 provides an overview of 

our modeling methodology.

• The results are shown in Chapter 9 

and our action plan resulting from this 

IRP is highlighted in Chapter 14. 

• In addition to presenting results in 

Chapter 9, the report also breaks 

out speci�c �ndings and results for 

disadvantaged communities, GHG 

emissions and provides an overview 

of how the IRP results are integrated 

with our transmission and distribution 

planning processes.

Environmental leadership 

SMUD’s commitment to renewable energy and the environment 
stretches back many decades. Below are some examples of our 
legacy in environmental stewardship.

• Solar power has been in our mix since 1984 when we began 
operating our pioneering Photovoltaic 1 (PV1) solar farm near 
our Rancho Seco Recreational Area in south Sacramento County.

• Since 1990, our Sacramento Shade Program has delivered 
more than 500,000 free shade trees to local homes and 
businesses. It’s one of our most popular programs and is 
recognized nationally.

• Also in 1990, we began vehicle electri�cation efforts when 
our Board adopted a clean air policy that prompted the 
electri�cation of some of our �eet vehicles. 

• We established our Solano Wind Farm in 1994 on the 
Montezuma Hills in Solano County. It’s gone through several 
expansion phases and a fourth one is expected to be 
operational in 2023.

• In 1997, we began one of the country’s �rst green energy 
programs. This pioneering program called Greenergy ® today 
has more than 70,000 residential customers, ranking second 
nationally among utility voluntary green power programs.

• SolarShares was launched in 2008 as one of the �rst 
community solar programs in the country.  The program’s 
customers include the Sacramento Kings, State of California, 
City of Sacramento and CalPERS.

In recent years, we were the �rst large California utility to have 20% 
of its power from resources classi�ed as renewable by the state.

2. Introduction
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2.1  SMUD Overview 

SMUD began serving Sacramento in 1946 and is now the 

nation’s sixth-largest community-owned electric utility. 

SMUD provides reliable, affordable electricity to most of 

Sacramento County and small portions of Yolo and Placer 

counties. Our consistently low rates are important to the 

economic vitality of the Sacramento region.

For the past several decades, SMUD has been recognized 

nationally and internationally for our environmentally-

conscious and innovative renewable power and energy 

ef�ciency programs. For example, we were the �rst large 

California utility to receive more than 20% of its energy 

from eligible renewable resources. 

Our vision is to provide our customers and community 

with innovative solutions to ensure energy affordability 

and reliability, improve the environment, reduce our 

region’s greenhouse gas footprint and enhance the vitality 

of our community.

Figure 3. SMUD basic facts and �gures
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We’re doing this by implementing and expanding several 

important programs, including making time-of-day (TOD) 

rates standard for all residential customers. For years, 

TOD rates were the standard for commercial customers, 

and starting in 2019, it became phased in as the standard 

for residential customers, too. We will also be expanding 

programs to encourage electri�cation – electric vehicles, 

all-electric homes and other buildings, distributed generation 

adoption, community solar, voluntary green pricing,  energy 

ef�ciency and much more.

SMUD is governed by a publicly-elected 7-member Board of 

Directors, with each representing an area, or “ward,” of our 

service territory (See Figure 4). Each member is elected by 

SMUD customers in their respective ward and serve a 4-year 

term on the Board. 

Figure 4. SMUD service territory

2.2  Balancing Authority of Northern California

The Balancing Authority of Northern California (BANC) 

is a Joint Powers Authority (JPA) consisting of SMUD, 

Modesto Irrigation District, Roseville Electric, Redding 

Electric Utility, Trinity Public Utility District and the City 

of Shasta Lake. BANC assumed the balancing authority 

responsibilities on May 1, 2011 from SMUD.  This means 

that BANC is responsible for matching of generation to 

load and coordinating system operations with neighboring 

balancing authorities.

BANC is the third largest balancing authority in 

California and the 16th largest within the Western 

Electricity Coordination Council (WECC) area. The BANC 

partnership between public and government entities is 

an alternative platform to other balancing authorities like 

the California Independent System Operator (CAISO). 

BANC provides reliable grid operation consistent with 

standards developed and enforced by the Federal Energy 

Regulatory Commission (FERC), the North American 

Electric Reliability Corporation (NERC) and WECC.  BANC 

contracts with SMUD for operations of the Balancing 

Authority.

As a member of BANC, SMUD will join CAISO’s Energy 

Imbalance Market (EIM) in 2019. This is expected to 

help integrate renewable energy resources within our 

service territory. Joining the EIM may also allow us to �nd 

additional value from SMUD’s �exible hydro and thermal 

resources. 
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2.3  Customer programs 

This section provides an overview of SMUD’s customer 

programs, most of which are geared toward energy 

ef�ciency, access to renewable energy, low-income 

residents or electri�cation. Our IRP accounts for these 

programs’ impact on total demand and peak demand 

for electricity. The IRP also anticipates an increased focus 

in the 2019-2030 period on both energy ef�ciency and 

electri�cation – 2 potentially counterbalancing forces 

that we expect will draw on existing programs and be 

enhanced by creating new programs over the next 10 

years. The IRP electric demand forecast in Section 5 

provides further detail on this outlook.

2.3.1  Commercial/Industrial programs

• Construction of all-electric new homes: Provides 

incentives to builders and their design teams for 

residential developments of all-electric homes in 

support of electri�cation initiatives.

• Commercial electric vehicle program: SMUD offers 

incentives to commercial customers and residential 

customers who live in multifamily dwellings for 

the installation of level 2 electric vehicle chargers. 

Some large corporations and city, county and state 

government entities bene�t from EV charging 

infrastructure to support �eet vehicles and employees 

and customers with EVs. 

• Demand response program: SMUD offers incentives 

to its commercial and industrial customers through a 

variety of demand response programs. The programs 

give customers an opportunity to reduce energy costs 

during peak hours while allowing SMUD to reduce 

demand during tight supply conditions.

• SolarSharesSM:  SMUD offers commercial customers 

a community solar product where the participant 

signs an agreement with SMUD for us to provide 

solar power for up to 20 years. This product provides 

an alternative to net energy metering (NEM) or site 

located solar (e.g. rooftop solar) giving customers 

many of the same bene�ts as behind-the-meter 

generation. We retire all renewable energy credits 

(RECs) on behalf of our participants. This program 

is Green-e certi�ed by the Center for Resource 

Solutions.3

• Greenergy ®: SMUD offers a traditional utility green 

pricing product called Greenergy, which is Green-e 

certi�ed by the Center for Resource Solutions. The 

program gives participants the opportunity to receive 

a blend of renewables from a power content label that 

is their own, and customers can make renewable and 

environmental claims in their external and corporate 

marketing.  We offer Partner and Partner Plus products 

to all customers and for large commercial customers 

we offer the option of tailored Power Content. We 

retire all RECs on behalf of our participants. 

• Customized energy ef�ciency incentives:  Promotes 

the installation of energy-ef�cient equipment, controls 

and processes at commercial and industrial customers’ 

facilities.  Provides incentives to contractors and/

or customers to promote the installation of energy-

ef�cient lighting, heating, ventilation, and air 

conditioning (HVAC), motors and refrigeration 

equipment and controls. The program also provides 

incentives for retro-commissioning, process 

improvements and data center storage projects that 

result in energy savings.

3  https://resource-solutions.org/.
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• Express Energy Solutions: Provides prescriptive 

incentives to participating quali�ed contractors for 

high-ef�ciency equipment across a variety of end-uses: 

lighting, HVAC, refrigeration and food-service equipment.  

Incentives are targeted to the contractor/supplier to 

stimulate the market for energy-ef�cient equipment and 

services and are designed to cover a signi�cant portion of 

the incremental cost of the equipment.

• Complete Energy Solutions:  A third-party administrator 

performs comprehensive energy audits of small- and 

medium-sized businesses. A customer receives a 

customized report detailing recommended energy 

improvements, estimated savings, estimated cost and 

payback. Third-party administrator then assists customer 

in hiring a contractor to complete the project.  

• Savings by Design: Provides incentives to builders 

and their design teams to design new commercial 

and industrial buildings that are 10-30% more 

energy ef�cient than required by California Code of 

Regulations Title 24 (or typical new construction in the 

case of Title 24-exempt buildings and processes).

2.3.2  Residential programs

• Electric vehicles for residential customers: SMUD 

offers residential customers incentives equivalent to 

the cost of a Level 2 EV charger or a cash incentive 

corresponding to the estimated cost of 2 years’ 

charging with an EV ($599). Residential customers 

are also offered a rate discount for charging their 

EV during certain time-periods. The program helps 

facilitate faster adoption of low- and zero-emission 

vehicles in the Sacramento region and has been very 

popular so far. The program captures approximately 

85% of the residential light duty vehicle sales in our 

service territory and helps customers self-identify 

as EV owners. This helps SMUD gain insight on the 

location of the region’s EVs, which improves planning 

for future grid investments and upgrades. In Q4 

of 2019, a new statewide program modeled after 

SMUD’s $599 program is expected to launch. This 

will supplant SMUD’s current program and result in 

a wider, more effective program with higher rebate 

levels that could further increase adoption. 

2. Introduction
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Electric vehicle charging incentives 

• These incentives are provided to encourage more 

installation of EV charging infrastructure outside of 

single-family housing locations to address range anxiety, 

which is a major EV adoption barrier. SMUD offers 

$1,500 incentives for EV charging at workplace and 

multifamily facilities. Until recently, SMUD also offered 

a $100,000 DC Fast Charger incentive, but it was 

restructured in late 2018 because of lack of customer 

interest. Restructured workplace and multifamily fast 

charger incentives are planned for 2019 and beyond 

to align with a new California Energy Commission EV 

Infrastructure Program (CalEVIP) that will fund $14 million 

worth of charging infrastructure in Sacramento County in 

2019 and 2020. SMUD will align our incentives with the 

CalEVIP to make it easier for customers to apply and get 

both incentives simultaneously. 

Outreach, education and awareness

• SMUD’s integrated marketing and advertising 

campaigns complement our community education 

and hands-on driving demonstrations to reach 

customers, raise awareness of EVs and provide them 

with an opportunity to learn about and road test EVs.  

Examples of this include our ad campaign for the 

$599 “Free fuel for two years” incentive and our ride-

and-drive demonstrations at the California State Fair, 

Sacramento Auto Show and other events that typically 

draw thousands of participants.

• SolarSharesSM:  SMUD offers residential customers 

a community solar product where the participant 

signs an agreement with SMUD for us to provide 

solar power to them for up to 20 years.  This product 

provides an alternative to NEM or site-located solar 

(e.g. rooftop solar) and gives customers many of 

the same bene�ts as behind-the-meter generation.  

We retire all RECs on behalf of our participants.  

This program is Green-e certi�ed by the Center for 

Resource Solutions.

• Greenergy ®: SMUD offers a traditional utility green 

pricing product called Greenergy to its residential 

and commercial customers. The program gives 

participants the opportunity to receive a blend of 

renewables from a power content label that is their 

own. We retire all RECs on behalf of our participants. 

This program is Green-e certi�ed by the Center for 

Resource Solutions.

• Shade Tree Program:  This program provides free 

shade trees to SMUD customers and is implemented 

by the community-based nonpro�t Sacramento Tree 

Foundation. The foundation’s foresters review tree 

selection and site locations with customers, who plant 

the trees. The program has greenhouse gas reduction 

and greenhouse gas sequestration goals. 

• Equipment ef�ciency:  This program provides rebates 

and/or SMUD �nancing for qualifying (ENERGY 

STAR®, Consortium for Energy Ef�ciency, and/

or other high-ef�ciency products) ef�ciency and 

electri�cation improvements to homes’ building shells 

and equipment.  Improvements include mini split heat 

pumps, whole house fans, central air conditioners and 

heat pumps, and heat pump water heaters.  

• Home Performance Program:  Participating 

contractors use building-science principles and 

diagnostic equipment to evaluate the current 

performance of the whole house, and then 

recommend comprehensive improvements that will 

yield an optimal combination of savings and comfort 

for homeowners.  Once the homeowner selects 

the improvements that �t their needs and budget, 

participating contractors will do the work to Building 

Performance Institute standards. Program packages 

include both energy ef�ciency and electri�cation.

2. Introduction
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• Appliance ef�ciency program: This program provides 

rebates for qualifying (ENERGY STAR or Consortium 

for Energy Ef�ciency-listed) appliances. This includes 

smart thermostats, refrigerators, variable speed pool 

pumps and room air conditioners. The program also 

offers refrigerator/freezer recycling, pool pumps and 

a retail partnership program. The refrigerator/freezer 

recycling program provides rebates for free pick-up 

and environmental recycling of old refrigerators and 

freezers. Our retail partnership program works with 

big box retailers to pay retailer incentives for all the 

energy ef�ciency items they sell in their stores.

• Retail lighting: This program promotes energy 

ef�cient residential lighting products by providing 

incentives for manufacturers and their retail partners 

to sell ENERGY STAR quali�ed light-emitting diode 

(LED) lightbulbs at a discount and is implemented 

through agreements with manufacturers and retailers 

that involve cost buydowns, marketing and/or 

advertising. 

• Low-Income Energy Retro�ts:  This program 

completes energy retro�ts for qualifying low-income 

households through four offerings: Weatherization, 

Energy Saver Deep Retro�t, Energy Saver House 

Bundle and Energy Saver Apartment Bundle.

2.3.3  Information and education programs

In addition to programs that provide direct incentives to 

customers, we also have a Residential Advisory Service 

that provides on-site homes energy audits, online 

energy audits and telephone assistance for customers, 

with recommendations to reduce their homes’ energy 

use (and bills). Recommendations include practices and 

home-improvement projects that will increase the energy 

ef�ciency of their dwellings.

2.4  Rates

SMUD’s Board of Directors has autonomous authority to 

establish SMUD’s electricity rates. Unlike investor-owned 

utilities (IOUs) and some other municipal utilities, retail 

rate and revenue levels are not subject to regulation by 

federal or state agencies. Changes to SMUD rates require 

formal action by the Board of Directors after public 

hearings. SMUD is also not required by law to transfer 

any portion of its collections from customers to any local 

government.  SMUD typically reviews and sets rates on a 

two-year cycle. 

SMUD’s approach to rate setting is based on the Board’s 

Strategic Direction 2, Competitive Rates, which provides 

the following guidance:

• Establish rate targets that are 18% below Paci�c Gas 

and Electric (PG&E) and at least 10% below PG&E’s 

published rates for each customer class.

• Re�ect the cost of energy when it is used.

• Reduce use of energy during peak periods.

• Encourage energy ef�ciency and conservation.

• Minimize “sticker shock” in the transition from one 

rate design to another.

• Offer �exibility and options.

• Be simple and easy to understand.

• Meet the electricity service needs of people with 

�xed, low incomes and severe medical conditions.

• Equitably allocate costs across and within customer 

classes.

SMUD continues to maintain rates that are below PG&E’s, 

both at a system level and by rate class, as shown in the 

table below.

2. Introduction
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In 2017, SMUD’s Board of Directors approved the 

transition to standard Time-of-Day (TOD) rates for 

residential customers, with implementation starting in late 

2018.  By the end of 2019, we expect most customers 

to have transitioned to this new rate structure. TOD is 

a cost-based rate that more accurately re�ects the cost 

to provide power to customers and is expected to help 

with integrating increasing amounts of renewable energy 

by providing incentives to consume electricity when it is 

less costly to generate. Customers may also choose to 

be placed on a �xed rate that is approximately 4% higher 

than the TOD rate. Commercial customers are already on 

a TOD rate. Our TOD rates are listed in Table 11 further 

below in Section 5.5.

Table 4. SMUD rate comparison

Additionally, in 2017 the Board approved a restructuring 

of SMUD’s low-income program.  Historically, eligibility for 

the Energy Assistance Program Rate (EAPR) was based on 

income, but the dollar value of the total monthly discount 

was based on the volume of energy usage. Under the 

changes approved by our Board, the monthly discount on 

energy charges are based on household income instead 

of the volume of energy usage. The changes to the EAPR 

discount better focus our limited resources to the lowest-

income customers. The restructuring will occur over a 

3-year period, ending in 2021.

SMUD Rates  
(cents/kWh) (1)

PG&E Rates  
(cents/kWh) (2)

Percent Below  
PG&E(3)

Residential – Standard 15.01¢ 22.89¢ 34.4%

Residential – Low Income 9.69¢ 13.07¢ 25.9%

All Residential 14.17¢ 20.52¢ 30.9%

Small Commercial (Less than 20 kW) 14.78¢ 24.15¢ 38.8%

Small Commercial (21 to 299 kW) 13.75¢ 23.10¢ 40.4%

Medium Commercial (300 to 499 kW) 12.88¢ 21.49¢ 40.1%

Medium Commercial (500 to 999 kW) 12.11¢ 18.57¢ 34.8%

Large Commercial (Greater than 1,000 kW) 10.26¢ 14.98¢ 31.5%

Lighting – Traf�c Signals 11.86¢ 23.09¢ 48.6%

Lighting – Street Lighting 13.81¢ 23.29¢ 40.7%

Agriculture 13.15¢ 20.35¢ 35.4%

System Average 13.20¢ 19.82¢ 33.4%

(1)  Projected 2018 average prices for SMUD with rates effective Jan. 1, 2018, nominal (For comparison purposes, the 2018 system average rate is  

 12.8 cents in real 2016 dollars).

(2)  PG&E average prices in 2018 re�ect rates effective Sept. 1, 2018, per Advice Letter 5339-E dated July 27, 2018.

(3)  The rates in the Average Class Rates table are calculated by dividing the total revenue of each class by the total usage of that class in kWh. 

 The actual savings per customer will vary based on their actual electricity consumption.
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Maximum discounts

Federal poverty level Baseline 2019 2020 2021

0- 50% $42 $50 $60 $70 

>50-100% $42 $40 $41 $42 

>100-150% $42 $30 $25 $20 

>150-200% $42 $30 $20 $10 

Table 5.  EAPR rate discounts 2019-2021

In 2018, SMUD’s Board of Directors approved changes to 

the Economic Development Rate, which is used to attract, 

retain and promote the expansion of businesses within 

our service area. The changes, which are effective no 

later than Dec. 31, 2019, include extending the discount 

from 5 years to 10 years, removing industry restrictions 

and removing the requirement that customers receive all 

their power from SMUD. Customers may choose from 2 

discount options: A �at discount for 5 years followed by 

4  Disadvantaged Communities are de�ned by California Environmental Protection Agency as California communities that are disproportionately 

burdened by, and vulnerable to, multiple sources of pollution. More information is available at: https://oehha.ca.gov/calenviroscreen/report/

calenviroscreen-30.

a declining discount for 5 years or a �at discount for 10 

years. Additionally, customers moving to a disadvantaged 

community will get a larger discount.

Even though the low-income-program and the Economic 

Development rates are not speci�cally focused on 

disadvantaged communities, as de�ned by the 

CalEPA,4 we expect our revised and improved rates 

will bring signi�cant bene�ts to low-income customers 

in disadvantaged communities in our service territory.  

Section 10 of this report provides a more detailed 

overview of our outlook of localized air pollution and 

impact on disadvantaged communities. As discussed in 

that section, our low-income programs are particularly 

important for having a positive impact in those 

communities since socio-economic issues are the leading 

drivers for the disadvantaged communities’ designation in 

the Sacramento region.  
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2.5  IRP process overview

Our resource planning process is a collaborative process 

with input from all major business areas at SMUD as well 

as input from our Board and the public. Our internal 

resource planning team and committee coordinate and 

integrate strategic plans and priorities from across SMUD 

including those from power generation, energy trading, 

grid planning and operations, distributed energy strategy, 

research and development, load forecasting, pricing and 

rates, customer programs and regulatory and legal. The 

result of this planning process is an IRP that considers a 

wide range of available options in meeting IRP objectives. 

We also reviewed and discussed potential scenarios 

to research, IRP study results, and developed staff 

recommendations that were discussed with our Board and 

with the public.

As part of the 2018 IRP process, our resource planning 

team presented detailed scenario information to the 

SMUD Board of Directors and the public at 6 separate 

Board meetings that were open to the public. Each 

of these public meetings included the opportunity for 

public comments and input regarding the draft IRP. As 

shown in Figure 5 below, SMUD’s Board was key in both 

the development and the approval of the IRP, reviewing 

scenario results and in making the �nal decision on our 

2018 IRP.  

1st Board meeting 2nd Board meeting 3rd Board meeting 4th Board meeting 5th Board meeting 6th Board meeting

APRIL 4 JUNE 6 AUG. 1 SEPT. 5 OCT. 2 OCT. 18

• IRP objectives 
and scenarios

• Board/public 
comment

• High level 
scenario results

• Board/public 
comment

• Detailed 
scenarios results 

• Public report 
released

• Board/public 
comment

• Evaluate new 
scenarios and 
address Board 
questions

• Board/public 
comment

• Evaluate new 
scenarios and 
address Board 
questions

• Draft SD-9 
language

• Board/public 
comment

• Board adoption 
of SMUD IRP

• Board/public 
comment

Figure 5. 2018 IRP Development, Stakeholder Engagement and Board Approval Process
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2.5.1  IRP refresh and update process

SMUD’s Board has traditionally provided annual guidance 

to the resource planning process through one of its 

strategic directions, SD-9, Resource Planning. We expect 

this process of refreshing and revisiting the long-term 

planning process will continue.  In addition, and in 

re�ection of the regulatory changes that were enacted 

with SB 350, SMUD intends to also perform a major 

update of our IRP every 5 years that will be �led with 

the CEC.  We plan to use the same internal process 

for developing our next IRP and expect to begin this 

process in the second quarter of 2022, with initial Board 

and public discussions occurring after the third quarter.  

SMUD’s Board is expected to consider and adopt our next 

IRP by the end of 2023 as required under SB 350. The 

following �gure provides an overview of the process and 

timeline adopted by the Board in October 2018.  SMUD 

plans to follow a similar process and timeline at least once 

every 5 years thereafter.

Figure 6. Process for updating SMUD’s integrated resource plan
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local environmentally-focused organizations with the 

remainder being unaf�liated concerned citizens. General 

themes of the public comments are summarized in Figure 

7 below. Staff and the Board considered the public 

comments during the IRP process, while also considering 

environmental impacts, cost, and rate and customer 

impacts and system reliability and safety.       

Figure 7.  2018 key themes in public comments

2.6  Stakeholder process 

SMUD staff presented the 2018 IRP and associated 

materials at 6 separate Board meetings that were open 

to the public and invited public comment. In each of 

these meetings, staff gathered both Board and public 

comment for consideration in developing the IRP 

scenarios. During these meetings, the public provided 

49 IRP-related comments. Most commenters represented 
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• GHG is driving climate change
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health concerns
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2.7  IRP objectives

In accordance with one of its strategic directions, SMUD’s 

Board regularly reviews and provides guidance to the 

long-term resource plan. The latest version approved by 

the SMUD Board in October 2018 is shown in Figure 8.  It 

summarizes our long-term goals that form the basis of the 

resource plan.  

As discussed in more detail in Section 3.1, below, recent 

changes in California law require SMUD to, among other 

things, meet at least 60% of our retail sales with eligible 

renewable energy resources by 2030, increase energy 

ef�ciency savings and reduce GHG emissions.  

The changes also require that we consider stakeholder 

impacts and minimize rate increases with special consideration 

on disadvantaged communities and local air pollutants.  

After consulting with staff and stakeholders, SMUD’s 

Board determined that the objective of our 2018 IRP 

would be to identify a path towards carbon neutrality 

for SMUD while maintaining the �nancial health of the 

company and providing maximum bene�ts for our 

customers, community and the Sacramento region.  

As a community-owned utility, SMUD is uniquely 

positioned to consider and balance both utility-speci�c 

greenhouse gas reductions plus SMUD investments in 

local community measures that help achieve greater 

overall regional greenhouse gas reductions.

This resource plan focuses on advancing demand response 

and energy ef�ciency programs, procuring renewable 

generation and accelerating local vehicle and building 

electri�cation to achieve signi�cant greenhouse gas 

reductions over the planning horizon.  Increased investments 

in renewable energy and enhanced electri�cation in our 

region represent promising areas to achieve additional GHG 

reductions beyond efforts already underway by SMUD and 

other entities in the Sacramento region.  

We identi�ed key areas to study during this IRP cycle.  

First is the long-term role of SMUD’s existing resources, 

including our thermal �eet and hydro resources, in 

keeping the lights on and maintaining competitive rates.  

After understanding the �exibility and limitations of our 

system, the study looked at the GHG reduction options 

both within our resource portfolio and more broadly 

across our region. Finally, we analyzed the costs and 

bene�ts of various potential alternatives to achieve a low-

carbon pathway for SMUD. 

As we developed this analysis, we limited our assessment 

on the supply-side to mainly renewable resources and 

battery storage due to cost, technical maturity and 

relative development and operational risk of the measures 

considered. Because our IRP is a living document – one 

that will be comprehensively updated every 5 years to 

re�ect changes in SMUD’s environment, including the 

economy, demographics, technology, the legislative and 

regulatory environment and the needs of our customers, 

we may consider additional or different resources in future 

IRPs as well on a case-by-case basis if opportunities arise 

outside of the IRP process.

2. Introduction
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SMUD’s Board Strategic Direction on Resource Planning (SD-9)

It is a core value of SMUD to provide its customer-owners with a sustainable power supply through 
the use of an integrated resource planning process. A sustainable power supply is de� ned as one 
that reduces SMUD’s net long-term greenhouse gas (GHG) emissions to serve retail customer 
load to NetZero by 2040. Net Zero is achieved through investments in vehicle and building 
electri� cation, energy ef� ciency, clean distributed resources, RPS eligible renewables, large hydro, 
and biogas. SMUD shall assure reliability to the system, minimize environmental impacts on 
land, habitat, water quality, and air quality, and maintain a competitive position relative to other 
California electricity providers. To guide SMUD in its resource evaluation and investment, the Board 
sets the following interim goal (as shown in the below table):

Year Net Greenhouse Gas Emissions (metric tons)

2020 2,318,000

2030 1,350,000

2040 Net Zero

2050 Net Zero

In keeping with this policy, SMUD shall also achieve the following:

a) SMUD’s goal is to achieve Energy Ef� ciency equal to 1.5% of retail load over the next 10-
year period. On an annual basis, SMUD will achieve energy ef� ciency savings of 1.5% of the 
average annual retail energy sales over the three-year period ending with the current year.

To do this, SMUD will acquire as much cost effective and reliable energy ef� ciency as feasible 
through programs that optimize value across all customers. SMUD shall support additional 
energy ef� ciency acquisition by targeting one percent (1%) of retail revenues for above 
market costs associated with education, market transformation, and programs for hard to 
reach or higher cost customer segments. The market value of energy ef� ciency will include 
environmental attributes, local capacity value of energy ef� ciency will include environmental 
attributes, local capacity value and other customer costs reduced by an ef� ciency measure.

b) Provide dependable renewable resources to meet 33% of SMUD’s retail sales by 2020, 44% 
by 2024, 52% by 2027, and 60% of its retail sales by 2030 and thereafter, excluding additional 
renewable energy acquired for certain customer programs.

c) In meeting GHG reduction goals, SMUD shall emphasize local and regional environmental 
bene� ts.

d) SMUD will continue exploring additional opportunities to accelerate and reduce carbon in our 
region beyond the GHG goals in this policy.

e) Promote cost effective, clean distributed generation through SMUD programs.

Figure 8. Strategic planning directive 9 on resource planning from SMUD Board
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2.8  IRP scenarios

In developing our IRP, we examined long-term resource 

portfolio options that are consistent with our Board 

Strategic Directions and achieve the GHG targets set by 

the California Air Resources Board as well as statutory 

requirements as of mid-2018.  

We examined 3 scenarios, the detailed results of which 

were reviewed with the Board and with inputs from the 

public before arriving at the scenario that was adopted by 

the Board (Adopted Scenario).

Each of the scenarios considered was consistent with, 

California’s long-term goal of reducing statewide 

greenhouse gas emissions by 80% below 1990 levels  

by 2050 (referred to as CA80x50). 

2.8.1  Option1: The Adopted Scenario

This scenario, which was adopted by SMUD’s Board as 

the IRP and which is the basis of our IRP �ling, aims to 

ensure that SMUD is on a path to reach its 2030 GHG 

emissions goal of 1.35 million metric tons (MMT) and 

a net zero GHG emissions goal for 2040 and beyond, 

while preserving SMUD’s existing gas-�red generation to 

serve load as necessary. This is the lowest cost alternative 

considered in this IRP.

Under this scenario, we also considered a focused and 

deliberate approach to increase bene�cial electri�cation 

of the Sacramento region, consistent with levels needed 

to achieve California’s GHG reduction goals, while 

simultaneously ensuring new transportation and building 

electri�cation loads in the Sacramento region are served 

with low-greenhouse gas generation. Our analyses of 

electri�cation under the IRP suggest that our efforts on 

building and transportation electri�cation will result in a net 

reduction of regional GHG emissions of at least 1 MMT by 

2040. Thus, our electri�cation plan is expected to result in 

a signi�cant reduction of local GHG emissions associated 

with investments in electrifying transportation and buildings 

that offsets the emissions from SMUD’s power plants, 

thereby resulting in a net zero greenhouse gas footprint for 

SMUD, an ambitious plan that will bene�t our customers, 

the environment and the entire Sacramento region. 

2. Introduction
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2.8.2  Option 2: multiple GHG targets

The second option studied the impacts of the same 

electri�cation loads as in the Adopted Scenario while 

reducing electricity-sector GHG reductions below 1 MMT 

by 2040. Option 2 focused on greenhouse gas emissions 

reductions that would maintain our electri�cation and 

energy ef�ciency objectives while making deeper cuts in 

emissions from our electricity generation portfolio that 

would be equivalent to accelerating our greenhouse gas 

reduction goals by up to 10 years. 

Under this option, we studied 3 GHG emission paths with 

2040 targets of: 750,000, 500,000 and 350,000 MT. Like 

the Adopted Scenario, these options are discussed in 

terms of their net GHG impacts. However, due to its focus 

on �nding the lowest cost resources for the additional 

GHG reductions, the additional GHG emission reductions 

in this scenario resulted from expanding renewable energy 

generation outside of SMUID’s immediate service territory. 

Therefore Option 2 scenarios did not deliver greater 

reduction of local GHG emissions and criteria pollutants, 

nor did it improve economic opportunities compared to 

the Adopted Scenario. 

2.8.3  Option 3: Absolute zero scenario

An important consideration for SMUD’s Board was to 

study the feasibility of an absolute zero GHG emission 

goal by 2040 or sooner. Part of the motivation for this 

scenario was legislative proposals for California to achieve 

a zero GHG goal by 2045 for the electricity sector. Under 

this scenario, SMUD could only generate and procure 

electricity from greenhouse gas-free resources.

Within the absolute zero scenario, we assumed that our 

entire gas-�red �eet was retired over the forecast period.  

We opted for shutting them down versus fueling them 

with biogas for two reasons: �rst, there is regulatory 

uncertainty regarding how RPS requirements will evolve in 

the future, and, second, there is a limited supply of biogas 

available. The RPS program has changed considerably 

since it began, particularly regarding restrictions on 

procurement of biomethane, which creates potential risks 

purchases.  

In this scenario, we also limited market purchases of 

power to greenhouse gas-free resources. The effect 

on the absolute zero option would be to isolate SMUD 

from the rest of the WECC electricity market, limiting 

our interactions to bilateral purchases where the source 

can be con�rmed as greenhouse gas-free. Renewables 

and other greenhouse gas-free resources contracted by 

SMUD would also need to be dynamically scheduled and 

balanced by SMUD internal resources.   

With the signi�cant operational restrictions identi�ed 

above, it was also necessary to consider the use of very 

long duration energy storage to safeguard reliability.  

Taken together, this would result in signi�cant cost 

increases and a dramatic increase in rates to support the 

necessary revenues under this scenario. Therefore, our 

Board dismissed this scenario from consideration at a 

relatively early stage and we do not further consider this 

scenario in this report. For a brief summary of the absolute 

zero scenario and its results, please see materials from 

SMUD Board Meetings in June 2018.5 

2.8.4  Summary of key scenario assumptions

The key assumptions that de�ne each of these scenarios 

are shown in Table 6.  Each scenario is consistent with a 

future in which SMUD, the Sacramento region, and the 

state are assumed to undertake a signi�cant new effort 

to enable higher levels of energy ef�ciency, building 

electri�cation and vehicle electri�cation.  These demand-

side assumptions are represented in the table below as 

“CA80x50” on the Distributed Energy Resources category.

5  https://www.smud.org/-/media/Documents/Corporate/About-Us/Board-Meetings-and-Agendas/2018/Jun/ERCS-6618-Exhibit-1---IRP-Update.

ashx?la=en&hash=8E6BFA49170C2463BB32DBA88752D86C5FB87077.
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Table 6: IRP scenarios overview

Option 1:  
Adopted Scenario

Option 2:  
Multiple GHG Targets

Option 3:  
Absolute Zero

2040 GHG 
Emissions Target 
000MT

1,000 
(& net zero)

750 500 350 0

2040 GHG-Free 
Procurement(1) 86% 91% 96% 98% 137%

Distributed Energy 
Resources

CA80x50

Existing Gas 
Generation

Maintained Retired

Balancing Internal and Market Internal

(1)  This represents the share of SMUD’s retail sales served by GHG-free generation. This includes procurement for the RPS compliance 

and meeting SolarSharesSM demand, as well as additional generation from other renewable energy and hydroelectric resources. 

Procurement percentage greater than 100% represents excess procurement needed to maintain reliability and charge batteries. 

Excess procurement may be sold into the wholesale market or curtailed depending on market prices.
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3. Policy and 
economic 
planning  
environment 

This section provides an overview of the policy 

environment in which this IRP supplemental document was 

completed and summarizes our outlook and assumptions 

for the 2019-2030 period regarding key economic and 

regional drivers that in�uence the resource plan.

SMUD’s IRP re�ects existing California policy and 

regulations as of September 2018. The IRP re�ects current 

expectations regarding economic development and 

technology costs. The IRP also complies with all regulatory 

and statutory requirements and covers all areas that were 

identi�ed in Public Utilities Code Sections 9621 and 9622 

as implemented by the CEC guidelines. 6    

6   Vidaver David, Melissa Jones, Paul Deaver, and Robert Kennedy. 2018. Publicly Owned Utility Integrated Resource Plan Submission and Review 

Guidelines (Revised Second Edition). CEC. Publication Number: CEC-200-2018-004-CMF.
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3. Policy and economic planning environment

3.1  California policy snapshot

California has a long history of being at the forefront 

of environmental policy, and it has been more than 10 

years since the state adopted goals for GHG reductions. 

Figure 9 provides a snapshot of the main energy policy 

developments over the past 2 decades that impact 

our IRP.  A few recent legislative developments are of 

particular importance:

• SB 100.  Enacted in September 2018, requires 

SMUD and other load serving entities to meet 60% 

of electricity demand with eligible renewable energy 

sources by 2030, and articulated an overall ambition 

to reach a 100% greenhouse gas free power supply in 

California by 2045.

• SB 32. Enacted in 2016, sets a statewide GHG 

emissions target of 40% below 1990 levels by 2030.

• SB 350. Enacted in 2015, requires SMUD to adopt an 

IRP and submit it to CEC for review by April 2019 and 

includes numerous additional provisions.

A more comprehensive discussion of California’s policy 

history and the content of key regulatory and legislative 

developments is provided in Appendix A. 

Figure 9 suggests that numerous policies have a material 

impact on our resource planning decisions, including 

energy ef�ciency goals, renewable procurement 

requirements and environmental and climate change 

regulations. 

Although some IRP requirements were recently codi�ed 

in SB 350, SMUD has a long history of integrated resource 

planning in compliance with all applicable state and 

federal laws. Our resource planning process is integral in 

providing customers with reliable, low-cost electric service 

while balancing regulatory requirements.  

Figure 9. California energy policy timeline 2000-2018 7
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Fuel & Vehicle 

Techn

SB32 GHG 40% 
below 1990 by 

2030

AB398 & 617 
Cap&Trade 
Extension
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SB1078 
RPS
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“Million Solar 

Roofs”

AB32 GHG  
Cap and Trade

S-01-07  
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Building Stds;  
EV Charging
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Reduction Act
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7  See Appendix A for a brief discussion of California energy policy with respect to renewable energy and climate change.

2001
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3.2  Economic planning environment

The IRP looks to the future of SMUD’s business 

environment. As in any forecast, our view of future 

conditions is subject to signi�cant uncertainty and the 

resource plan that was adopted by SMUD’s Board will 

continue to be evaluated and adjusted over time as 

market conditions evolve.  

The economic situation as well as the demand 

characteristics in our system could change dramatically 

because of external changes such as the overall economy, 

legislation, and federal and state incentives that impact 

electric demand and technology costs. For example, 

we expect that under current economic conditions 

and with the support of SMUD and state policies, the 

growth of EVs will remain strong. Another example of a 

policy driver that has a material impact on our system 

is cannabis. Following the 2016 decision to legalize 

cannabis consumption and cultivation in California, we 

expect a surge in electric demand from indoor agriculture 

operations that move to Sacramento because of SMUD’s 

low rates and the availability of suitable real estate. This 

section summarizes the key assumptions in our outlook for 

the 2019-30 period. Section 5 provides additional details 

on assumptions as they relate to electric demand.   

3.2.1  In�ation

Unless otherwise stated, all costs and revenue impacts in 

this report are provided in constant 2016 dollars.

3.2.2  Targets for renewable energy and greenhouse gas

SMUD’s fossil fueled power plants are subject to 

California’s cap-and-trade market for GHG. The California 

Air Resources Board (CARB) regulates this market and is 

responsible for establishing, monitoring, and tracking GHG 

compliance instruments that are used to demonstrate 

compliance with the cap-and-trade rules (including 

allowances and offsets). Our Board has adopted a goal to 

reduce emissions attributable to our power portfolio to 

1.35 million MT per year by 2030, equal to a 61% reduction 

relative to 1990 levels. Our GHG targets are shown in Table 

7. Table 7 also shows our annual RPS goals used in the IRP 

analyses. The new RPS policy under SB 100 that requires 

a 60% RPS by 2030 was enacted by the legislature after 

the completion of our analyses but before Board adoption 

of the IRP. Therefore, even though our analyses do not 

explicitly include the 60% RPS, SMUD’s Board also directed 

us to adjust the procurement of renewable resources to 

meet an RPS level of 60%. Our updated RPS procurement 

plan is included with this report as Appendix B.

Table 7.  SMUD’s greenhouse gas emissions targets and IRP RPS 

                 planning goals

SMUD Greenhouse 
Gas Targets

000MT

RPS Procurement 
Target*

% of Retail Sales

2019 31%

2020 2,318 33%

2021 34.8%

2022 36.5%

2023 38.3%

2024 40%

2025 41.7%

2026 43.3%

2027 45%

2028 46.7%

2029 48.3%

2030 1,350 50%

* Used for modeling and scenarios.
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3.2.3  Energy storage

AB 2514 was passed in 2010, requiring investor-owned 

utilities to take on targets for energy storage. The CPUC 

subsequently set targets for the 3 major investor owned 

utilities in California, calling for more than 1,300 MW of 

new energy storage capacity to come online by 2024 at 

the latest8. As a publicly owned utility, SMUD is required 

to regularly assess the need and cost competitiveness 

of energy storage and in 2017, we announced a goal of 

9 MW by 2020 to be met by a combination of storage 

technologies on both sides of the customer meter. This is 

discussed in more detail in sections 5.4 and 7.1.2.  As part 

of our 2018 resource plan, we also expect to add more 

than 200 MW of new grid-scale battery storage by 2030 to 

support reliability, integrate renewable energy and serve 

our customers with continued low rates.  

3.2.4  Natural gas market price forecast

The natural gas price forecast used for the IRP is based on 

a combination of short- and long-term market indicators.  

In the near term, up to and including 2020, we rely on 

natural gas futures prices and basis differentials as of early 

2018.  Long-term natural gas prices were prepared by E3 

and are based on a combination of gas futures prices and 

the long-term outlook provided in U.S. Energy Information 

Administration’s 2017 Annual Energy Outlook.  This results 

in market prices in the 2021-2030 period that are a blend 

of observed futures prices and the 2017 Annual Energy 

Outlook. The annual gas price forecast used in the IRP is 

shown in Table 8. 

8  http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M079/K533/79533378.PDF.
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3.2.5  Electricity market price

SMUD is assumed to be a price taker in the California and 

WECC power markets. This means that we do not expect 

our resource or trading decisions to in�uence market 

clearing prices for electricity. This assumption simpli�es 

SMUD’s modeling by taking CAISO market prices as given 

during the forecast period. For this purpose, we rely on a 

long-term forecast of hourly power prices developed by 

E3, which includes the hourly locational marginal price 

in the day-ahead market for COB, NP-15 and SP-15 as 

well as ancillary services. The price forecast is consistent 

with the CA80x50 scenario discussed in section 2.8. The 

modeling methodology is discussed in more detail in 

Section 4 of this report.

Key drivers of our long-term power price forecast include:

• Low load growth continues due to continued 

aggressive focus on energy ef�ciency in implementing 

the state’s policy of doubling energy ef�ciency.  

Energy ef�ciency gains are counteracted by growth in 

EV adoption. 

• California continues to build solar generation at 

an aggressive pace (both bulk & rooftop). Despite 

expanding the use of energy storage and other 

�exible resources in California, this is expected to 

continue to periodically result in negative prices 

throughout the forecast period.

• Northwest and southwest regions of the WECC 

outside California have limited ability to back down 

thermal resources, constraining California exports at 

times of high renewable energy production.

• Under the CA80x50 scenario used for our IRP, 

California is expected to enact direct policies to 

ensure that the state’s long term GHG reduction goals 

are reached, leaving CA CO2 allowance prices at 

relatively low levels throughout the 2019-2030 period.

• California’s RPS is assumed to achieve 50% by 2030 

and maintain at least this level henceforth. 9 

As a net importer of power, SMUD is located between 

two major market hubs: California-Oregon Border (COB) 

and CAISO’s NP-15. The differential between NP-15 and 

COB is therefore an important driver in the forecast of 

the source of our future market purchases. Historically 

COB has generally been a lower cost market than NP-15, 

even after factoring in greenhouse gas adders associated 

with importing power into California. However, over time 

this differential is expected to tighten and eventually 

reverse during on-peak hours because of continued solar 

PV expansion in California. This is expected to result 

in increased procurement of CAISO-sourced power in 

the 2019-2030 period, compared to historical levels.  

However, transmission access charges and other CAISO 

fees are also critical determinants of how attractive 

purchases from the CAISO will be going forward.  

Ancillary Services prices were also developed by E3 

for the CAISO area and are driven mainly by wholesale 

electricity prices. 

Based on market research from sources such as NERC, 

we expect the WECC to be well supplied in terms of 

generation capacity that can help meet short-term and 

short duration capacity needs for the purpose of meeting 

our capacity planning goals. This is one of the reasons 

why in our IRP we expect to continue partially relying on 

short-term market purchases of energy and capacity as a 

part of our balanced and diversi�ed portfolio. 10  

9   This market price forecast was developed prior to the passage of SB 100, which increased the RPS target to 60% by 2030.
10  See for example the projected reserve margins in Northwest Power Pool and California/Mexico in NERC’s 2018 Assessment:  https://www.nerc.com/

pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_LTRA_2018_12202018.pdf.
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3.2.6  CAISO transmission access charges

SMUD uses a proprietary forecast of CAISO Transmission 

Access and Wheeling Access Charges (TAC) developed 

by Navigant Consulting Inc. for all market sales and 

purchases between SMUD and CAISO. This forecast is 

based on the CAISO TAC rate effective July 1, 2017 and 

includes assumptions regarding effective tax rates, CAISO 

planned transmission projects and growth in non-ISO 

approved transmission costs.11  

3.2.7 Greenhouse gas price forecast

SMUD uses an emissions allowance price outlook that was 

developed by E3. This outlook re�ects existing GHG and 

RPS policies as well as other drivers that help stimulate 

development of low/no greenhouse gas emission 

generation technologies. The forecast re�ects a scenario 

assumption that allowance prices will remain near the 

CARB �oor prices for the entire 2019-2030 period, driven 

by the assumption that that California will continue to 

enact policies to ensure that the state remains on a long 

term trajectory to meet its 2050 goals of reducing CO 2 

emissions by 80% compared to 1990 levels.  Allowance 

prices are assumed to continue to increase annually by 

in�ation plus 5%, in line with current regulations.

Table 8.  Power, natural gas, TAC and greenhouse gas prices 2019-2030

Nominal
NP-15 

$/MWh (1)

COB 
$/MWh (1)

Henry Hub  
$/MMBTU (1)

ISO-TAC 
$/MWh (2)

Carbon Price  
$/MT (1)

2019 18.57 18.99 2.75 12.73 16.28

2020 20.18 21.00 2.77 13.32 17.41

2021 20.94 21.42 2.81 14.41 18.63

2022 22.28 22.58 2.98 15.41 19.92

2023 24.08 24.19 3.15 15.89 21.31

2024 25.36 25.71 3.34 16.19 22.8

2025 26.81 26.94 3.54 16.37 24.39

2026 27.63 28.29 3.74 16.62 26.08

2027 27.82 29.48 3.96 16.94 27.9

2028 27.87 30.66 4.18 17.31 29.84

2029 28.92 34.06 4.42 17.68 31.92

2030 28.35 35.00 4.68 18.03 34.14

(1) Source: E3.

(2) Source: Navigant Consulting Inc.

11  Being external to the CAISO balancing authority, SMUD pays the WAC and not the TAC, which is paid by loads inside the CAISO. These rates  

(i.e., WAC and TAC) are nearly identical and therefore TAC can be used to estimate WAC uplifts for price forecasting.
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4. IRP  
modeling 
methodology
In developing the resource plan described in this report, 

we modeled SMUD’s service territory for the 2019-2030 

period using a combination of analytical tools to assess 

potential scenarios, capacity needs, energy needs, 

emission reductions, electri�cation and energy ef�ciency.  

Central to our approach is production cost modeling using 

the PLEXOS modeling platform to determine the cost and 

feasibility of potential resource portfolios. Our scenarios 

and potential resource portfolios were developed with 

the support of a combination of other tools such as the 

RESOLVE and PATHWAYS models, illustrated in Figure 10.  

This section explains our modeling approach as well as 

key assumptions underlying the analyses of the IRP.

Figure 10. IRP modeling framework

Load Forecast
• Electricity demand

• Rate design and demand response

• Electri�cation and energy-ef�ciency 

(PATHWAYS)

Supply options
• New resource options and costs 

(RESOLVE)

• Effective load carrying capability 

(RECAP)

• Planning reserve margin

• Operating reserves

Production cost model
• Hourly unit-dispatch (PLEXOS)

• System costs of serving load

• Thermal, physical, environmental, 

regulatory and economic constraints
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4. IRP modeling methology

4.1  PATHWAYS software overview

The PATHWAYS model is a long-term multi-sector energy 

and GHG accounting model, utilizing user-de�ned 

scenario input assumptions to evaluate changes in total 

resource costs, electricity demand, and GHG emissions, 

among other metrics. The PATHWAYS model is used 

in California by state agencies for scenario planning 

purposes, including by the California Air Resources Board 

in California’s 2017 Climate Change Scoping Plan.12 Most 

recently, the CEC published a report detailing several 

long-term energy scenarios through 2050 which use E3’s 

PATHWAYS model to evaluate strategies that achieve the 

state’s climate goals.13 

We used the PATHWAYS model to forecast demand-side 

electric loads in buildings and the transportation sectors 

that are consistent with achieving a low-greenhouse 

gas future in the SMUD service area. SMUD-speci�c 

long-term scenarios were developed that are consistent 

with achieving a 90% reduction in our electricity sector 

emissions by 2050 and California achieving its long-

term goal of an 80% reduction in economy-wide GHG 

emissions by 2050. The demand-side load is used 

to develop aggressive energy ef�ciency, building 

electri�cation and transportation electri�cation forecasts 

that populate the electric resource planning tools 

RESOLVE and PLEXOS used by the IRP modeling team.

In working with E3 on this scenario analysis, we identi�ed 

4 key strategies that are needed to reduce California GHG 

emissions by 80% by the year 2050. They are:

1)   Energy ef�ciency and conservation across all sectors 

of the economy – in buildings, transportation and 

industry.

2)   Electri�cation of fossil fuel energy applications, and 

switching to cleaner electricity. 

3)   Deploying low-greenhouse gas fuels, including 

sustainable biofuels and renewable electricity. 

4)   Non-energy and non-combustion sources of GHG 

emissions must be mitigated, including through the 

prevention and elimination of methane leaks, fugitive 

methane, and high global warming potential gases 

while carbon sequestration in soils and lands must be 

enhanced.

Electri�cation of the transportation sector is a critical 

component of any scenario that meets the state’s long-term 

climate goals. Electri�cation of buildings will be needed, 

and electri�cation of industry may also be needed. The 

“High Electri�cation” scenario is one of the 10 mitigation 

scenarios E3 developed for the CEC and includes a 

high level of energy ef�ciency across sectors, renewable 

electricity and electri�cation of transportation and 

buildings. This scenario was used as a basis for developing 

the electri�cation assumptions for our IRP. 14  We refer to this 

scenario in the IRP as the “CA80x50” scenario.

12  Available at: https://www.arb.ca.gov/cc/scopingplan/scopingplan.htm.
13  “Deep Decarbonization in a High Renewables Future: Updated Results from the California PATHWAYS Model”, CEC publication number: CEC-500-

2018-012. Available at: https://www.ethree.com/wp-content/uploads/2018/06/Deep_Decarbonization_in_a_High_ Renewables_Future_CEC-500-

2018-012-1.pdf.
14  For the SMUD IRP, the High Electri�cation scenario was modi�ed somewhat to exclude hydrogen fuel cell cars and trucks, and to instead include 

more battery-electric vehicles and some electri�cation of industrial end uses. This modi�cation is intended to re�ect the greater con�dence in 

electric vehicle technology relative to hydrogen vehicles, which would also require a large amount of new infrastructure to support centralized 

hydrogen electrolysis and a fuel distribution network.
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4.2  RESOLVE software overview

SMUD contracted with E3 to use the RESOLVE model15 to 

develop a generation portfolio to meet the policy goals in 

each scenario. 

RESOLVE is an optimal investment and operational model 

designed to answer long-term planning questions around 

renewables integration in systems with high penetration 

levels of renewable energy. The model is formulated as 

a linear optimization problem. RESOLVE co-optimizes 

investment and dispatch for a selected set of days over a 

multi-year horizon. In this case, it was �ve-year increments 

between 2020 and 2040 to identify least-cost portfolios for 

meeting renewable energy targets and other system goals. 

RESOLVE also incorporates a representation of neighboring 

regions to characterize transmission �ows into and out of 

a main zone of interest endogenously.  RESOLVE can solve 

for the optimal investments in renewable resources, as 

well as supporting resources such as energy storage and 

demand response subject to multiple constraints: 

• An annual constraint on delivered renewable energy 

that re�ects the RPS policy.

• A reserve margin constraint to maintain reliability.

• Simpli�ed unit commitment and dispatch constraints.

• Scenario-speci�c constraints on the ability to develop 

speci�c renewable resources.

RESOLVE is also used by the CPUC for developing its 

long-term “Reference System Plan” covering California 

and surrounding areas for the purpose of supporting IRP 

modeling by load serving entities regulated by the CPUC. 

E3 and SMUD worked jointly to create a version of the 

model designed to optimize our future generation portfolio 

that re�ects both SMUD’s unique system characteristics 

and its position as part of the broader electricity system in 

California and the Western Interconnection.

4.3  RECAP software overview

The Renewable Energy Capacity Planning model (RECAP) 

is a probabilistic model that assesses generation resource 

adequacy. RECAP was designed by E3 in 2011 to analyze 

system reliability planning needs under high renewable 

penetrations. 

The RECAP Model works by comparing probability 

distribution functions for supply and demand by month, hour, 

and day type (weekend, weekday) to �nd the probability that 

load will be greater than supply in the pertinent time slice.  

Relevant correlation between variables is enforced using 

conditional density functions, which requires time-matched 

load and renewable data.  Using a neural network regression, 

gross load is calculated under present economic and 

demographic conditions using historical weather years from 

1950 to present. The net load module creates a probability 

distribution function for net load.  Relevant correlations 

between load, wind, and solar are enforced, where signi�cant, 

using conditional probability distributions. Mathematically, the 

net load distribution function is a convolution of each of the 

constituent distributions. Effective Load Carrying Capability 

(ELCC) is the additional load met by an incremental generator 

while maintaining the same level of system reliability. 

We used RECAP to determine the ELCC capacity values 

that would be available at the peak demand hour for 

our solar and wind resources over the planning horizon. 

Generation pro�les for renewables were based on actual 

historical generation for existing resources, and modeled 

generation for new resources. Generation pro�les 

generally include at least �ve-years of data from weather 

years between 2007 and 2016, inclusive.

RECAP is a publicly available tool that has been used in 

public studies by organizations including the CPUC and 

CAISO.

15  E3 developed RESOLVE as a resource investment model that identi�es optimal long-term generation and transmission investments in an electric 

system, subject to reliability, technical, and policy constraints. See the following link for more details. https://www.ethree.com/tools/resolve-

renewable-energy-solutions-model/.

4. IRP modeling methology



43

4.4  PLEXOS software overview

For detailed annual and hourly simulations of our existing 

and projected resources, the PLEXOS model was used.  

The production cost model PLEXOS is licensed by Energy 

Exemplar LLC.

We use the platform to simulate economic unit commitment 

and dispatch for the SMUD balancing area. The hourly 

model minimizes costs for serving load while considering  

generating unit characteristics and  constraints such as 

startup/shutdown time, maximum and minimum capacity, 

heat rate curves, hydrological constraints, emission costs, 

and  operating and maintenance costs. Transmission 

constraints to and from BANC are also accounted for.

PLEXOS has 3 levels of simulation: a long-term plan for 

capacity expansion simulations; a medium-term schedule 

for optimizing hydro storage, fuel supplies, or emissions; 

and a short-term schedule for chronological unit 

commitment and dispatch. 

The medium-term schedule was used to develop hourly 

hydro pro�les based on monthly energy requirements. 

This logic performs the co-optimization of energy and 

ancillary services for an entire month at the regional level. 

The outputs of this step are hydro generation pro�les that 

honor the monthly hydro energy constraints. 

The unit commitment-economic dispatch logic performs 

the energy-ancillary services co-optimization by mixed 

integer programming, while enforcing all resource and 

operation constraints. The unit commitment-economic 

dispatch algorithm commits and dispatches resources to 

balance system energy demand and meet system reserve 

requirements. The hydro generation pro�les developed in 

the �rst step are input to this step in the simulation process. 

The hydro schedules may be modi�ed in this second step 

to respect chronological hydro unit constraints (e.g., ramp 

rates) or to respond to price signals.

The resource schedules from the unit commitment-

economic dispatch logic are passed to the network 

application logic. The network application logic solves 

to enforce the power �ow limits (i.e., transmission line 

or interface limits) and nomograms (i.e., limits based 

on a speci�c relationship between generation, load, 

transmission topology, and/or interface power �ows). 

Thus, the co-optimized solution of energy-ancillary 

services-power �ow is reached.

Input data include:

• The actual load, wind and solar pro�les.

• Unit commitment schedules from the day-ahead 

security-constrained unit commitment process.

• Detailed generator characteristics.

• Contingency reserve, regulation reserve, and  

�exibility reserve.

4. IRP modeling methology
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5. Electricity  
demand 
2019-2030
This section presents the results of SMUD’s IRP electric 

demand forecast for 2019 to 2030. Our IRP relies on an 

internally developed forecast of demand that includes 

several factors that will affect electric demand – all of 

which are discussed in more detail below. The demand 

model is based on expected (or normal) weather 

conditions, also known as a 1 in 2 load forecast. The 

forecast includes system energy, system peak and 

customer accounts for SMUD’s service territory. We 

also present and discuss the key drivers of our forecast, 

including those we expect will help the Sacramento region 

address climate change challenges, such as electri�cation 

of buildings and transportation and energy ef�ciency 

improvements. There is only one demand forecast in our 

IRP, used for all of the options considered, including the 

Adopted Scenario, and including the effects of signi�cant 

SMUD investments in demand-side resources such as 

transportation and building electri�cation. 

We don’t use the CEC’s electric demand forecast for 

SMUD. Instead we rely on our own internally developed 

forecasts, which are discussed in more detail below. By 

using our internal forecasts, we ensure alignment between 

the IRP assumptions and assumptions that go into other 

processes such as transmission and distribution planning, 

risk management, budgeting, etc. We also don’t use 

external load forecasts for the rest of CA or the WECC 

directly for our system modeling. Instead, we rely on 

market price forecasts at nodal interconnection points 

between BANC and surrounding balancing authorities and 

use these points as a representation of external markets in 

our modeling. 
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5. Electricity demand: 2019-2030

SMUD’s electricity demand is forecasted to be relatively 

�at over the forecast period due to the slow growth in 

net additions to the housing stock, business activity in 

the region, SMUD’s energy ef�ciency programs, and the 

installation of customer-sited solar power and battery 

storage. The expected increase in the market penetration 

of electric vehicles and an increasing focus on building 

electri�cation are expected to increase electricity demand 

and offset the impact of otherwise weak load growth.  

Additional demand from selected key accounts and 

from indoor cannabis cultivation will also help stimulate 

demand in the forecast period.

Our residential TOD rate became the standard rate for 

residential customers in 2019. This rate is designed to shift 

demand away from peak hours and is also expected to 

result in modest annual energy demand reductions.

We consider both energy ef�ciency and electri�cation 

to be essential for our long-term mission to reduce 

greenhouse gas emissions, for our resource portfolio and 

our community. As part of this effort, our IRP scenarios 

examine what would be needed from energy ef�ciency, 

demand reduction and electri�cation programs to reduce 

greenhouse gas emissions (from electric and non-electric 

sectors) in the Sacramento region to 80% below 1990 

levels by 2050. 

These efforts, together with conventional growth factors 

such as economic activity and demographics, are 

expected to lead to a slight increase of electricity demand 

in the 2019-2030 period while peak load is expected to 

remain �at. Figure 11 shows a comparison of our long-

term forecast underlying the IRP versus the 2017 IEPR 

load forecast for the Mid-AAEE case (aka, Mid-Mid).  The 

comparison shows that by 2030 our forecast for electricity 

demand is about 4% above the CEC’s 2017 IEPR forecast 

while our peak load forecast is about 2% lower than the 

2017 IEPR estimated peak load in the Mid-AAEE case.

Figure 11. SMUD versus 2017 IEPR load forecast
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The remaining parts of this section provide a detailed 

overview of each of the key components that are 

expected to impact demand in the 2019-2030 period.  

The load forecast that includes all these demand drivers is 

presented in Section 5.7.

5.1  Load forecast methodology and data

SMUD’s forecast models are based on statistical regression 

techniques which normalize electricity use for variation in 

temperatures, seasonal use, number of customer accounts 

and recent trends in electricity use behaviors. The forecast 

is based on 4 regression models: daily system energy, 

daily system peak, system hourly loads and the retail class 

sales models. In each model, loads and retail sales are 

normalized by customer accounts.

The daily energy and peak models serve as the foundation 

for the load forecast. These models normalize SMUD’s 

system loads for variations in daily temperatures, weekdays 

and weekends, months, seasons and holidays. The system 

hourly load equations provide a daily load shape which is 

then calibrated to daily energy and peak model estimates 

while taking maximum peak load limitations and constraints 

on daily energy use into account.

To forecast retail sales, we use separate regression 

equations for each major rate class. For a more detailed 

discussion of the forecast methodology, please see 

Appendix D. Additional detail is also available in the 

supporting documentation for our 2017 load forecast 

�ling with the CEC. 16   

16 https://e�ling.energy.ca.gov/GetDocument.aspx?tn=217077-3&DocumentContentId=28501;.

5. Electricity demand: 2019-2030
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The regression model’s retail sales were estimated with data 

from SMUD’s billing system for the period 2006-2017. SMUD 

billing data includes monthly electricity use and customer 

accounts by our 21-day cycle reads. The hourly load, daily 

peak and daily energy models were estimated using hourly 

load data from SMUD’s Energy Management System for its 

retail service territory for the period Jan. 1, 2006 to Nov. 31, 

2017. The historical period used for the demand forecast was 

selected to provide robust historical data while also re�ecting 

the structure of current demand and demographics.  

Forecast parameters for the demand model include 

population, personal income and employment data, 

and are listed in Appendix D. Forecasts from the IHS 

Global Insight Regional Forecast for Sacramento County 

(June 2017) were used for this purpose. In addition, we 

used of�ce building vacancy rates from the Sacramento 

Business Journal for selected publication dates.  

A key component in normalizing sales and loads is 

weather. Both sales and load models use cooling degrees 

and heating degrees as independent variables in the 

regression equations. In the load model, daily high 

temperatures are also used to explain the rapid change in 

loads during heat storms.  

Temperature data is from the National Weather Service’s 

Sacramento City and Executive Airport weather stations. 

The daily temperatures from these weather stations are 

averaged to develop a composite temperature index 

for the Sacramento area. Daily composite temperatures 

are used to construct cooling and heating degree day 

variables in the regression’s models.  

Long term climate change impacts such as changes in 

high and low temperatures and the duration of heat 

storms are not directly factored into this long-term 

forecast (other than in time trends of the parameters used 

for the forecast) but could potentially further increase long 

term demand for electricity and impact daily and seasonal 

demand patterns.

The remainder of this chapter provides an overview of all 

factors that modify and adjust our load forecast, including 

the outlook and methodologies for demand response, 

electri�cation, distributed behind-the-meter-resources, 

energy ef�ciency and time-of-use electric rates.  

5. Electricity demand: 2019-2030
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5.2  Demand response

SMUD currently maintains several load management 

programs available as capacity during our operations 

and in reliability planning. In addition, we are continually 

researching and testing new programs. The forecast used 

in this IRP represents a strategy that will help continue 

providing reliable service to our customers, cost-effectively. 

Demand response initiatives at SMUD are primarily used 

for contributing toward our capacity reserves and reserve 

margin needs. The cost effectiveness was evaluated by 

program and as a portfolio. As a portfolio, the mix of 

the various key DR initiatives with signi�cant budgets 

(PowerDirect, NextGen ACLM and Bring Your Own 

Device) have a favorable bene�t to resource cost ratio 

(greater than 1.0), using modest capacity values.

In the long run, demand response will also be used to avoid 

system infrastructure investments for load serving capability 

and local capacity needs. The bene�ts of using DR to defer 

or either avoid system infrastructure investments were not 

factored into the cost/bene�t analysis.    

The combined effects of new and existing programs could 

double our current demand response capacity, from about 

86 MW in 2018 to more than 171 MW by 2030.  We have 

highlighted our existing and planned programs below. 

Table 9 provides an overview of the demand response 

capacity in the 2019-2030 period.  It should be noted that 

the expected total size of our demand response capacity 

depends on customer adoption and our plans may 

therefore need to be adjusted as we learn how successful 

the programs are over the long term.  

Peak Corps Program   is a residential air conditioning 

load management program that provides a summer time 

resource for in emergency situations if the need arises.  

Peak Corps also adds value by contributing toward SMUD’s 

reserve margin requirements. Currently, the program has 

the capacity to reduce demand by 60 MW during a 100% 

full-shed situation. We are not recruiting new customers 

to this program and therefore we expect this program 

to continue to decline by about 7 MW per year due to 

removal of air conditioning load management (ACLM) 

devices during HVAC system replacement or simply being 

removed by the customer. Our NextGen ACLM program is 

planned to replace our Peak Corps program.

NextGen ACLM  is planned to replace the aging Peak 

Corp program. This program will be based on using 

two-way smart load control switches that would replace 

the legacy one-way switch controllers. By 2030, this new 

initiative is expected to grow to about 40 MW to be 

utilized for economic use and reliability needs.    

PowerDirect Program  is an automated demand response 

program that continues to be an operational resource 

for reliability and economic purposes. The program is 

planned to grow and eventually reach a stable level of  

30 MW. The program is available for use between June 

and September, from 2 to 6 pm.  

Individual customer agreements:   We have curtailment 

agreements with some of our largest industrial customers 

that allow us to curtail load for reliability or economic 

purposes with the potential of up to 6.5 MW within 10 

minutes’ notice. SMUD can call on these customers all 

year-long.       

5. Electricity demand: 2019-2030
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Temperature Dependent Rate:  We also have customers 

on our Temperature Dependent Rate. During the summer 

when outdoor air temperatures exceed 100 degrees 

Fahrenheit for a certain period, we can notify customers 

and provide them the option of curtailment or continued 

service at a higher cost than is speci�ed in the tariff. We 

currently have about 15 MW of capacity on this non-

dispatchable tariff.  

Over the next few years, SMUD is planning to launch new 

demand response initiatives. These new programs are 

planned to be �exible and available to respond with very 

short notice. This will help to integrate increasing amounts 

of intermittent renewable generation on the system.  

A Bring-Your-Own-Device  Program is currently being 

considered. If successful, the program could grow to more 

than 90 MW by 2030. The approach for this program 

is to allow several types of customer-owned devices to 

participate, including smart thermostats, heat pump water 

heaters, battery storage and electric vehicle chargers.  

The goal is to use this capacity for economic or reliability 

purposes. This program will use currently available control 

technologies allowing near-real time load adjustments 

during an event which can be useful in distribution system 

operations and as general system-wide capacity.  

Table 9.  Dispatchable Demand Response Programs 2019-2030 (MW)

Peak Corps PowerDirect Agreements NextGen ACLM BYOD Total

2019 59 23 6.5 0.0 8 96.5

2020 52 26 6.5 0.0 16 100.5

2021 45 30 6.5 2.0 24 107.5

2022 38 30 6.5 6.5 32 113

2023 31 30 6.5 11.0 40 118.5

2024 24 30 6.5 15.5 48 124

2025 17 30 6.5 20.0 56 129.5

2026 10 30 6.5 24.5 62 133

2027 3 30 6.5 29.0 70 138.5

2028 0 30 6.5 33.5 78 148

2029 0 30 6.5 38.0 86 160.5

2030 0 30 6.5 42.5 92 171

5. Electricity demand: 2019-2030
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5.3  Energy ef�ciency and electri�cation of transportation 
and buildings

Energy ef�ciency, demand reduction and electri�cation are essential 

for our long-term mission to reduce greenhouse gas emissions – for 

our resource portfolio and our community. The importance of these 

resources is re�ected in our existing programs and in our plans 

to expand these programs. For this IRP, we also looked at what is 

needed from our energy ef�ciency and electri�cation programs to 

help reduce greenhouse gas emissions in the Sacramento region to 

80% below 1990 levels by 2050.

Throughout the spring of 2018 we performed economy-wide modeling 

to estimate the amount of energy ef�ciency, building electri�cation, 

and vehicle electri�cation that would be necessary to reduce 

Sacramento’s greenhouse gas emissions to 80% below 1990 levels by 

2050 and achieve a net zero greenhouse gas emissions target by 2040 

for our resource portfolio. We used the PATHWAYs model, as discussed 

in section 4.1, to evaluate these goals and identify overall programs 

levels that would be required to achieve our goals.

In the CA80x50 scenario, we modeled increased investments by 

SMUD in distributed resources such as storage, energy ef�ciency 

and demand response and compounded those investments with 

the expected impacts of other state and regional policies to support 

energy ef�ciency and electri�cation.

The results of the analysis are a transformation of SMUD’s electricity 

demand over time, where increasing levels of energy ef�ciency are offset 

by new electri�cation loads from transportation, buildings and industry, 

especially after 2030. This electri�cation reduces GHG emissions by 

displacing internal combustion engines with all-electric and hybrid-EVs, 

and gas space heaters with more ef�cient electric heat pumps.

As part of our IRP action plan that is outlined in Chapter 14 of 

this report, we are in the process of developing new metrics for 

demand-side measures such as energy ef�ciency and electri�cation 

that are focused on GHG impacts.  We expect this to help align 

energy ef�ciency, demand reduction and electri�cation programs 

with our long-term GHG reduction objectives.  

The below subsections provide results of the PATHWAYs model 

compared with existing programs and goals here at SMUD.

All-Electric Smart Homes

SMUD’s All-Electric Smart Homes 

Program brings SMUD customers 

more future-ready homes that are 

environmentally friendly, emitting 

40% fewer greenhouse gases than 

an equivalent home powered by 

natural gas. 

The program provides homebuilders 

attractive incentives to include 

electric heat pump water heaters, 

heat pump climate controls and 

induction cooktops into new homes.

We provide $5,000 incentive 

for each single-family home and 

$1,750 for each multifamily unit 

that declines to install natural gas 

infrastructure.

5. Electricity demand: 2019-2030
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5.3.1  Energy ef�ciency

SMUD’s energy ef�ciency goals are spelled out in the 

SMUD Board Policy, Strategic Direction-9, Resource 

Planning.17 Our energy ef�ciency programs have 

consistently delivered innovative programs and savings well 

beyond the statewide average, including approximately 

1,668 GWh of savings over the past 10 years, which is 

equivalent to 1.5% of the system load each year.

Pursuant to Section 9505(b) of the Public Utilities Code, 

every four years, each POU is required to identify all 

potentially achievable cost-effective energy ef�ciency 

savings and to establish annual targets for a 10-year 

period.  SMUD’s energy ef�ciency market potential and 

targets were developed collaboratively with California’s 

publicly owned utilities and submitted to the Energy 

Commission in May 2017, showing a 2018-2027 

cumulative goal of 1,669 GWh. 18   

The modeling performed in support of this IRP suggests 

that similar energy ef�ciency goals are achievable, 

even though we are at the same time also focused 

on electri�cation.  Our 2019-2030 forecast of energy 

ef�ciency includes energy ef�ciency improvements 

corresponding to a cumulative total of 1,450 GWh over 

the 2019-2030 period.  The demand forecast presented 

in Table 15 shows the 2019-2030 outlook for energy 

ef�ciency in the IRP.  As discussed in Section 2.3, we 

also have several programs supporting the accelerated 

adoption of energy ef�ciency programs.

SB 350 directs the CEC to establish energy ef�ciency 

targets that achieve a statewide, cumulative doubling of 

energy ef�ciency savings in electricity and natural gas 

�nal end uses by 2030, to the extent doing so is cost 

effective, feasible, and does not adversely impact public 

health and safety.  In Oct. 2017, the CEC released a report 

describing initial statewide cumulative targets based on 

current energy ef�ciency program goals and estimates. 19 

The CEC has identi�ed a shortfall of about 3,800 GWh 

(equivalent) in 2029 assuming aggregation of natural gas 

and electricity goals and mentions that there is additional 

market potential from other sectors, such as agriculture 

and industry, that may make up the shortage. The report 

does not set a utility-speci�c target for SMUD, but uses 

SMUD’s adopted 2017 goals as the basis for estimating 

our contribution to achieving the state-wide doubling 

target.  The additional energy ef�ciency programs 

described in the IRP, including electri�cation, will increase 

SMUD’s contribution to the statewide doubling goal. 

Looking ahead, we’re working to develop a new GHG 

and peak load metric that will better align our energy 

ef�ciency programs with our GHG goals and electri�cation 

initiatives.

By focusing intently on reducing GHG emissions, we 

believe the energy ef�ciency programs will be better 

equipped to reduce such emissions and may help the 

integration of additional renewable energy capacity by 

targeting these programs towards the time of day and 

the seasons when they are most effective at reducing 

GHG emissions.  As a result, we expect to set future 

energy ef�ciency goals in terms of GHG emissions 

intensity and consider GHG abatement costs as a metric 

for determining the relative cost-effectiveness of energy 

ef�ciency measures.

17  https://www.smud.org/-/media/Documents/Corporate/About-Us/Board-Meetings-and-Agendas/2018/Oct/Policy-SD-9.ashx?la=en&hash=EE666159

7B8B3DBDD641D03B1106FD2E0DB05E80. 
18  Energy Ef�ciency in California’s Public Power Sector: 11th Edition — 2017, Docket 17-IEPR-06.
19  Jones, Melissa, Michael Jaske, Michael Kenney, Brian Samuelson, Cynthia Rogers, Elena Giyenko, and Manjit Ahuja. 2017. Senate Bill 350: Doubling 

Energy Ef�ciency Savings by 2030. CEC. Publication Number: CEC-400-2017-010-CMF.

5. Electricity demand: 2019-2030
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The advantage of this approach is that it will also allow us to 

cross-compare cost effectiveness from a GHG perspective across 

both demand increasing (electri�cation) and demand decreasing 

(energy ef�ciency and demand response) programs. Our action plan 

includes developing this methodology and we expect to update the 

CEC on this methodology as part of our future demand and energy 

ef�ciency forecasts. 

5.3.2  Building electri�cation

SMUD views building electri�cation as a key component of our 

energy ef�ciency strategy. Our electri�cation efforts to date have 

focused mainly on the residential sector, which accounts for most of 

the gas consumption for space and water heating in our region. 

Our modeling shows that achieving our greenhouse gas reduction 

goals will depend signi�cantly on electrifying buildings, and 

we estimate that over 85% of existing residential and 75% of 

commercial space and water heating must be converted from gas 

as a principal fuel source to electricity. This level of electri�cation 

assumes that state energy code will mandate that the majority of 

residential new construction be all-electric by 2030. 

The PATHWAYS modeling results also demonstrate that the 

electri�cation efforts for buildings are necessary, not only for 

SMUD’s goals, but also for the state to achieve an 80% reduction of 

GHG emission by 2050. As stated in Executive Order S-3-05 from 

2005, or achieve zero GHG emissions from the power sector by 

2045 as envisioned in Senate Bill 100 that was passed in 2018.

Electri�cation of buildings has a long-term impact and also takes 

time to take root since the turnover of common building energy 

technologies such as HVAC is typically performed only towards the 

end of the assets’ useful life. Over the forecast period, the impact 

of our building electri�cation efforts will accelerate and by 2030, we 

expect  building electri�cation will lead to an increased demand for 

electricity by approximately 365 GWh per year by 2030. The GHG 

emission increases from these efforts are expected to be more than 

offset by switching fuel from natural gas to electricity and energy 

ef�ciency improvements, leading to a net reduction of GHGs from 

residential and commercial buildings. 

SMUD and developer partner  

to build all-electric homes

SMUD and top national homebuilder 

D.R. Horton teamed up in October 

2018 to build 104 all-electric homes 

in two new neighborhoods. These 

“all-electric communities” will include 

more than 100 homes in the North 

Natomas area of Sacramento and will 

be priced for �rst-time homebuyers. 

The homes are included in the SMUD 

Smart Home program and are part 

of a broader electri�cation effort by 

SMUD, the �rst of its kind in the USA.

5. Electricity demand: 2019-2030
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5.3.3  Transportation electri�cation

SMUD has promoted the use of electricity as a 

transportation fuel since 1990. Transportation electri�cation 

helps improve local air quality in our region by reducing 

criteria pollutants and GHG emissions. The average light 

duty EV uses approximately 3 MWh of electricity per year 

and provides a net reduction of GHG emissions of about 

2.5 metric tons per year compared to a gasoline car. As 

of late  2018, there were approximately 9,400 light duty 

EVs registered in Sacramento County, and the market is 

growing by approximately 300 vehicles a month.

Medium and heavy-duty EV adoption is beginning to 

pick up, with electric school buses, transit buses and 

shuttle buses leading the way. Applications for delivery 

trucks, utility trucks and some large Class 8 trucks are also 

beginning to enter the market.

To meet the state’s long-term GHG reduction goals, 

Sacramento regional GHG emissions will need to decline 

from a forecasted 5.9 million metric tons per year in a 

business-as-usual-scenario to 1.9 million metric tons per year 

by 2040. This is equivalent to an average annual reduction 

of approximately 200,000 metric tons of CO 2e per year from 

the transportation sector by 2050.  To meet this goal, the 

region will need approximately 1,000,000 light duty EVs by 

2050.  Our modeling shows that over 230,000 registered 

electric vehicles are needed in the Sacramento region by 

2030 to achieve our long-term GHG targets. Table 10 shows 

the expected growth of EVs in the Sacramento region that 

we used in the IRP, consistent with this forecast.  

Table 10.  Expected growth of electric vehicles in the Sacramento  
                    region 2020-2030

Year
Light Duty 

Vehicles
Annual Energy 

GWh

2020 14,016 68

2025 78,567 367

2030 232,767 936

5.3.3.1 Light duty electric vehicle programs 

At SMUD, we take a holistic approach to climate change and 

consider it of utmost importance that we do everything we 

can to cost-effectively reduce GHG emissions in the region. 

Our strategy to promote the adoption of EVs by removing 

market barriers through purchase incentives, investments in 

charging infrastructure and education is therefore an important 

part of our plan for achieving net-zero GHGs emission by 

2040.  Our ongoing efforts are discussed in more detail below.

5.3.3.1.1  Electric vehicle and supply equipment incentives 

For residential customers we offer a $599 incentive 

corresponding to about 2 years’ EV charging or the 

opportunity to get a free 240-volt vehicle charger 

installed.  We also have incentives to encourage more 

installation of charging infrastructure outside of single-

family housing locations to address range anxiety, a major 

barrier to EV adoption.  SMUD offers $1,500 incentives 

for EV chargers at workplaces and multifamily facilities. 

Until late 2018 SMUD offered a $100,000 DC Fast 

Charger incentive.  Due to customer indifference, these 

incentives are planned for restructuring in 2019 to align 

with a new CalEVIP that will fund $14M worth of charging 

infrastructure in Sacramento County in 2019 and 2020. 

We will align our incentives with those of CalEVIP to make 

it easier for customers to apply and get both incentives 

simultaneously to further incentivize EV adoption. 

5.3.3.1.2  Outreach, education and awareness

Marketing research shows general consumer awareness 

of EVs is low. SMUD runs integrated marketing and 

advertising campaigns in conjunction with community 

education and hands-on driving demonstrations to reach 

customers and raise awareness and provide customers 

an opportunity to learn about EVs. Our programs for 

promoting EVs are discussed further in Chapter 2.3, above. 

5. Electricity demand: 2019-2030
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5.3.3.1.3  EV time-of-day rate

Residential customers with EVs are enrolled in our EV 

Time-of-Day rate that promotes charging after midnight.  

The rate provides a $0.015/kWh discount for electricity 

used between midnight and 6 a.m.  Approximately 35% of 

SMUD EV customers had opted into this rate prior to TOD 

becoming the standard rate for residential customers in 

2019.

5.3.3.1.4  Residential grid impacts

SMUD performed a residential EV Grid Impacts study 

in 2014 and updated the study in 2016. The study 

showed that the type of charger used by customers has 

a greater impact on the distribution system than the time 

of day a vehicle is charged. Level 1 charging at 1.5k W 

has a relatively low impact on our distribution system. 

Level 2 charging at power levels above 10 kW show an 

acceleration of grid impacts. 

The current average residential charging level is 

approximately 3.0 kW. Grid impacts at this level are 

modest and expected to cost approximately $15 million a 

year out in the 2030-time frame when light duty adoption 

exceeds 200,000 vehicles in our service territory.

SMUD is planning for the management of EV grid impacts 

in several ways. In addition to using residential TOD rates 

5. Electricity demand: 2019-2030

for all EV customers, we are researching smarter managed 

charging options that could essentially eliminate grid 

impacts by preventing too many vehicles from charging 

simultaneously on the same transformer. Costs associated 

with these new technologies are currently higher than 

conventional grid reinforcement costs.

We expect that from the early 2020s, smart charging 

solutions may be competitive with conventional 

distribution system strengthening measures. As discussed 

in Section 13.2, our 5-year distribution system investment 

plan will be updated in 2019 to fully account for 

expectations re�ected in our 2018 IRP.

5.3.3.1.5  Transportation network companies  

and autonomous vehicles

As of 2018, there were no operators of �eet EVs or EV 

autonomous vehicles in the Sacramento region. While it 

is possible that such services may grow quickly and help 

accelerate the reduction of emissions from the regional 

transportation sector, our IRP does not anticipate any 

material impacts to electricity demand or planning from 

such growth before 2030. We will continue to monitor the 

development of EV-based and autonomous transportation 

services in the region and will update our plans as needed 

to support this development.  
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5.3.3.1.6  Medium and heavy duty 

Growth of electric transportation in the medium and 

heavy duty EV segments is expected to take signi�cantly 

longer than the light duty vehicle adoption. Unlike the 

light duty market, which is driven by consumer preference, 

the medium and heavy-duty markets are more likely to 

be motivated by regulatory requirements and �nancial 

incentives. This is due in part to the technologies 

supporting the segment are less mature than in the light 

duty market, the relatively higher battery costs associated 

with larger heavier vehicles and generally longer �eet 

turnover cycles.

We expect public transit and public service �eets will 

be among the �rst to electrify, such as public-school 

bus �eets, refuse trucks and shuttle buses, followed by 

medium duty delivery and service vehicles. We expect that 

about 25% of these vehicles will be electri�ed by 2030. 

5. Electricity demand: 2019-2030

Transit bus electri�cation will occur in stages to time with 

vehicle retirement and therefore have somewhat longer 

transition cycles. Technologies for large heavy-duty vehicle 

electri�cation are also emerging but so far it is unclear 

whether all applications will be electri�ed, and in particular 

long-haul heavy trucks.

Given the lack of market maturity, SMUD does not yet 

have programs to support medium and heavy-duty 

electri�cation. Instead, we conduct research and support 

research projects such as electric school bus deployment 

projects in school districts including Elk Grove, Twin 

Rivers and Sacramento City Uni�ed, to gather data on 

infrastructure installation costs and energy costs. Based 

on information gathered from those efforts, we will design 

programs that meet community needs and stimulate 

accelerated electri�cation.
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5.3.3.1.7  Commercial EV rates - example

Commercial EV charging is exposed to demand charges 

because of the characteristics of needing high charging 

levels and capacity but a relatively low energy use. This 

has resulted in commercial charging applications typically 

running at a 5% utilization factor which in turn means that 

as much as 80% of a customer’s electricity bill could be 

comprised of demand charges. Utilities are just beginning 

to address this issue and various approaches are currently 

being tested. For example, Southern California Edison 

has introduced a 5-year demand charge waiver with a 

subsequent 5-year phase in. NV Energy is experimenting 

with a 1-year demand charge waiver followed by a 10% 

per year phase in of demand charges. At SMUD, we 

started pilot studies in 2015 using volumetric rates instead 

of demand charges and will continue to seek solutions 

that are attractive to customers while providing suf�cient 

cost recovery for SMUD. 

5.4  Distributed energy resources behind the meter

We expect the leading energy technologies installed at or 

behind the customer’s meter will be battery storage and 

solar PV.  We expect PV adoption will continue to grow in 

our service territory because of continued declining costs 

for installed systems and regulatory mandates such as the 

required rooftop solar for new buildings in the 2019 Title 

24 Building Standards. Through 2017, our customers had 

installed a total of 157 MW of BTM solar PV, consisting of 

19,944 residential and 468 commercial systems (83 MW 

residential and 74 MW commercial). In addition, there 

is approximately 1 MW of PV systems installed for low-

income multifamily residential customers.

By 2030, we expect behind-the-meter solar installations  

(new and existing) will increase to over 450 MW, 

contributing to an annual demand reduction on the grid  

of more than 800 GWh. 

5. Electricity demand: 2019-2030
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The pace of behind-the-meter solar adoption is driven 

largely by customer preferences, such as the desire for 

renewable generation to reduce electricity bills, and net 

installed costs. The pace could accelerate if costs for new 

systems fall faster than anticipated or solar PV incentives 

such as the federal investment tax credit were to be 

continued beyond its scheduled expiration in 2022.

We will continue to revise and modify SMUD’s Rule 21 

Interconnection Rules to streamline the application and 

interconnection construction process and improve ef�ciency.  

Our focus is on simplifying the rules and increasing clarity 

to drive the best possible customer experience during the 

interconnection process. 

The annual BTM PV adoption forecast is converted into 

annual energy using generation assumptions, such as 

capacity factor and generation pro�le.  The annual energy 

is then treated as a decrement to the load forecast.  

In response to California’s legislation on energy storage 

under AB 2514, SMUD adopted in 2017 a goal of 9 MW 

of energy storage to be procured by December 31, 2020. 

We expect to meet roughly 80% of the target with battery 

energy storage systems and 20% with thermal energy 

storage systems. All 9 MW are currently planned behind 

the-meter with approximately 80% as residential and 

20% as commercial and industrial installations.  Our load 

forecast includes the effects of storage on net energy 

demand and marginal impact on load shapes. 20  

5.5  Dynamic electricity rates (TOD rate) 

SMUD encourages energy ef�ciency and conservation 

through the residential TOD rate structure that will be 

fully implemented in 2019, as well as non-residential 

TOD rates and a variety of programs, such as offering 

rebates for energy-ef�cient appliances and heating and 

cooling systems, and energy-ef�cient LED lighting. The 

TOD rate structure encourages customers to conserve 

energy by rewarding them for reducing their usage during 

peak hours. There was no rate increase associated with 

the switch to the TOD rate structure, so customers can 

save money if they shift or reduce their usage from peak 

hours. In addition, our TOD rate offers a plug-in EV credit 

of $0.0150/kWh on all electricity between the hours of 

midnight and 6 a.m. to encourage EV adoption. 

The residential TOD rate structure consists of Peak, Mid-

Peak, and Off-Peak periods in the summer months (June 

through September) and Peak and Off-Peak periods in the 

non-summer months (October through May) as shown in 

Table 11 below.

Table 11. Residential TOD rates

Season Period
2018-2019 Rate  

($/kWh)
Notes

Summer  
(June 1 – Sept 30)

Peak 0.2835 Weekdays between 5 and 8 p.m.

Mid-Peak 0.1611
Weekdays between noon and 
midnight except during Peak hours

Off-Peak 0.1166 All other hours

Non-Summer  
(Oct 1 – May 31)

Peak 0.1338 Weekdays between 5 and 8 p.m.

Off-Peak 0.0969 All other hours

20  For a more detailed discussion of SMUD’s energy storage goals, please see https://www.energy.ca.gov/assessments/ab2514_re-eval_reports/smud/

AB_2514_Oct_1_2017_Report_UPDATED_91517.pdf.

5. Electricity demand: 2019-2030
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5.5.1 Load impact of TOD rates

The load impacts from introducing of TOD pricing are 

based on price elasticity estimates from a SMUD Smart 

Pricing Option (SPO) pilot conducted from 2012 to 2013.  

In this study, a randomly-selected group of residential 

customers was placed on a default TOD rate schedule, 

but could opt out of the program by contacting SMUD.

One of the important �ndings from this study was that 

very few customers opted out of the TOD rate offering.

To calculate the TOD price elasticities, the price 

elasticities from the SPO study were adjusted to re�ect 

the 2019 TOD prices relative to the 2017 residential 

electricity prices.  In the SPO study, price elasticities were 

estimated for both standard rates and energy assistance 

program rates (EAPR). The group elasticity is the weighted 

average of both rates where the weights are the share of 

customers on each rate program.  

Table 12 shows the derivation of the elasticity estimates 

based on the price differential discussed above. Net 

Impact �gures are the percentage change in electricity use 

during each TOD period. 21 

The load forecast presented in Table 15 includes the effect 

of TOD rates on our electricity demand.

Table 12. Calculation of price elasticities for TOD impacts22 

21  For additional information on SMUD Smart Pricing Option study, see https://www.smartgrid.gov/project/sacramento_municipal_utility_district_

smartsacramento.html.
22  Note that the base prices for 2018 were revised from $0.1291/kWh in 2017 to $0.1310/kWh for the 2018 summer period and from $0.1128/kWh to 

$0.1145/kWh for the winter period.

Summer Winter

TOD Shares Peak Mid-Peak Off-Peak Peak Off-Peak

Base Price ($/kWh) 0.1291 0.1291 0.1291 0.1128 0.1128

TOD Price ($/kWh) 0.2835 0.1611 0.1166 0.1338 0.0969

Own Price Elasticities

LN Chn Price 79% 22% -10% 17% -15%

Elasticity - Standard (0.069) (0.069) (0.031) (0.069) (0.031)

Elasticity - EAPR (0.011) (0.011) - (0.011) -

Elasticity - Group -5.9% -5.9% -2.5% -5.9% -2.5%

Price Impacts -4.6% -1.3% 0.3% 1.0% 0.4%

Cross Price Elasticity

Pct change cross price (off-peak impact 
from a change in on-peak price)

 79% 54%  17%

Elasticity - Standard  0.001 0.001  0.001

Elasticity - EAPR  0.013 0.013  0.013

Elasticity - Group (Weighted Average)  0.00316 0.00316  0.00316

Price Impacts  0.2% 0.2%  0.1%

      

Net Impact (=own price + cross price) -4.6% -1.0% -0.4% -1.0% 0.4%
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5.6  Additional drivers of electricity demand

In addition to the drivers of electric demand discussed 

above there are three additional drivers that may become 

increasingly important in the 2019-2030 period.  The �rst 

is load growth among a few commercial customers that 

represent a signi�cant portion of our load.  The second is 

electric demand from new commercial activities and the 

third is electric demand from cannabis cultivation.

5.6.1  Key account commercial customers

Incremental sales are based on the additional sales 

from current commercial customers who are expected 

to expand their operations. Our commercial customer 

accounts staff provided the expected expansion plans for 

5 customer accounts. For the incremental load forecast, it 

is assumed that the full expansion is achieved in 2022 and 

is constant for the remainder of the forecast period. Table 

13 shows the forecast of annual incremental demand.

Table 13. Incremental energy and load

Year
Incremental 

Energy (MWh)
Peak Impact (MW)

2019 69,515 9

2020 115,475 14

2021 161,033 20

2022 171,383 21

5.6.2  New commercial development

New commercial development loads and sales are based 

on discussion with SMUD’s Economic Development and 

Commercial Development departments. These groups 

provided a list of projects for customers who were 

considering locating in the SMUD service territory which 

were included in our forecasts. The number of potential 

projects were evaluated with respect to the trend forecast 

of customers. The new commercial development sales 

include the accounts that exceeded our trend analysis for 

customers with maximum demands greater than 1,000 kW. 

The net impact of new commercial development is about 

46 GWh per year. In the scenario forecast, all projects 

under consideration began commercial operations on  

Jan. 1, 2018.

5.6.3  Indoor cannabis cultivation

The sales impacts from indoor cannabis cultivation do not 

include manufacturing or dispensary operations.  Prior 

to the growing and selling of recreational marijuana in 

California which became legal on Jan. 1, 2018, SMUD staff 

received inquiries from potential growers for establishing 

electrical service.  To understand the electrical needs for 

these customers, SMUD requested that growers submit 

information on the state license they were applying for on 

or after Jan. 1, 2018.  

California has 3 main license categories for indoor 

cultivation based on the square footage of the indoor 

growing space.

A.  Specialty: Up to 5,000 sq. ft

B.  Small: 5001 to 10,000 sq. ft

C.  Medium: 10,001 to 22,000 sq. ft

Table 14 shows the number of projects based on the 

license category and electrical use assumptions.23

23  The annual MWh is based on the following formula:  Annual Use = Max sq. ft per license category * 35 watts per sq. ft * 85% load factor.  The indoor 

cannabis cultivation forecast assumes that each project begins commercial operation on Jan. 1, 2018.
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60

Table 14. Indoor cannabis cultivation projects and sales and load impacts (2019 - 2030) 24

License Category Projects
Average MWh/

year
Annual  
Sales

Annual Energy 
(MWh)

Annual  
Peak (MW)

Class A (Specialty Indoor) 12 1,303 15,637 16,292 2

Class B (Small Indoor) 13 2,606 33,879 35,299 3

Class C (Medium Indoor) 47 5,733 269,471 280,762 27

Total 72 318,987 332,352 32

5.7  Load forecast 2019-2030

Table 15 presents our integrated IRP forecast of electricity 

demand for electricity on our system. The forecast 

includes the impacts of our energy ef�ciency programs, 

electri�cation, behind-the-meter PV generation, demand 

response and energy storage programs. Additional 

forecast adjustments included in the table below are load 

shifting resulting from our residential TOD rates beginning 

in 2019, new commercial development, incremental load 

from new development under construction and indoor 

cannabis cultivation. The Net Customer forecast includes 

residential, commercial, agricultural, and streetlight 

accounts, but it excludes nightlight accounts. Each of 

these demand drivers are discussed in the sections above. 

Table 15. Annual electricity demand, peak demand and customer count 2019-2030

 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Unmanaged Load 
(GWh)

 11,211  11,306  11,348  11,399  11,496  11,615  11,701  11,751  11,784  11,865  11,928  12,014 

Other Incremental Load 
(GWh)

 450  497  541  552  552  553  552  552  552  553  552  552 

Cumulative Energy 
Ef�ciency - Committed 
(GWh)

 (213)  (244)  (245)  (243)  (230)  (216)  (215)  (195)  (181)  (156)  (129)  (128)

Cumulative Energy 
Ef�ciency - Additional 
Achievable (GWh)

 (16)  (85)  (178)  (276)  (394)  (508)  (612)  (754)  (900)  (1,050)  (1,196)  (1,322)

BTM Solar &Storage 
(GWh)

 (131)  (210)  (237)  (264)  (290)  (314)  (326)  (368)  (416)  (501)  (541)  (571)

TOD Effect (GWh)  (7)  (8)  (7)  (7)  (7)  (7)  (7)  (8)  (8)  (7)  (7)  (7)

Building Electri�cation 
(GWh)

 3  7  13  24  44  71  104  144  189  240  298  365 

Transportation 
Electri�cation (GWh)

 14  68  98  138  189  259  367  446  548  652  779  936 

Managed Load (GWh)  11,311  11,331  11,332  11,322  11,359  11,452  11,563  11,567  11,568  11,596  11,683  11,838 

Annual Peak Load (MW)  2,907  2,896  2,907  2,911  2,920  2,930  2,957  2,948  2,936  2,912  2,914  2,911 

Number of Customers 633,690 638,554 643,401 648,547 653,801 659,223 666,350 671,641 678,170 684,945 692,261 699,676 

24  NOTE: 35 watts per square foot reported by Xcel Energy, Pg. 7, “Energy Impacts of Cannabis Cultivation,” CPUC, April 20, 2017.
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Figure 12.  Annual energy demand components in 2030 (GWh)

Figure 12 presents the annual energy demand by each of 

the components in Table 15 for 2030. The �gure illustrates 

the impact of the demand components, suggesting that 

the largest impacts prior to 2030 will be energy ef�ciency 

improvements and behind-the-meter resources, which are 

counteracted by electri�cation of transportation. 

5.8  Expected load after 2030

After 2030, we expect the momentum for transportation 

electri�cation to remain strong and the demand impact 

of building electri�cation to accelerate, causing overall 

demand growth to exceed 1% per year from 2030 to 

2040, despite continued increased energy ef�ciency 

and growing adoption of demand response measures 

and programs. However, there is signi�cant uncertainty 

regarding these long-term expectations since there are 

numerous factors that could strengthen or weaken long-

term demand growth, such as an economic downturn, 

technological breakthroughs in distributed generation 

technologies and regional demographics.

For example, the impact of climate change could be 

more severe than anticipated in our outlook which could 

increase summer peak loads, decrease winter peak loads, 

and could also in�uence seasonal temperature and 

precipitation patterns, which in turn would impact heating 

and cooling needs in the Sacramento region.  
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6. Existing 
energy  
supply
SMUD’s existing resource portfolio consists of a 

diversi�ed mix of generation resources, including hydro, 

natural gas �red combined cycle generators, gas �red 

peaking capacity, wind, solar and biomass/biogas-based 

generators. This section describes SMUD’s existing 

generation, contracts, energy resources and transmission 

resources. Future potential resource additions are 

discussed, in Chapter 7, and demand resources, including 

energy ef�ciency, demand response and distributed 

resources are discussed in Chapter 5.

6.1.1  Transmission

Our high voltage transmission system connects with 

surrounding areas at the 230 kV level. Figure 13 provides 

an overview of our transmission system and how it 

interconnects with other areas. 

Our maximum import capability is limited by resources 

operating within SMUD’s service territory. We have 

a scheduling limit of over 1,300 MW with the CAISO 

and own about 500 MW of transmission rights to the 

California-Oregon Border on the California-Oregon 

Transmission Project.  

We contract for an additional 300 MW of transmission 

services from WAPA and use short-term transmission 

services administered by the CAISO for meeting peak 

energy needs from short-term energy markets as needed.  
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6. Existing energy supply

Figure 13. SMUD transmission overview 6.1.2  Existing generation portfolio

SMUD’s power supply portfolio is diversi�ed and includes 

a wide variety of sources, including hydropower, natural-

gas-�red generators, solar, wind, biomass, biogas and 

geothermal resources. Our goal is a balanced, diversi�ed, 

reliable and sustainable mix of sources. All our existing 

owned resources are expected to remain operational 

throughout the study period and beyond. Some resource 

contracts are expected to expire during the forecast 

period, most of which are not assumed to be renewed. 

The tables below show the net capacity available to serve 

peak load for thermal and hydro resource and nameplate 

rating for renewables.

UARP

COB WAPA

CAISO
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Table 16. Existing thermal capacity (summer peak NDC MW)

Resource Name Resource Type Fuel NDC (MW)

Campbells Combined Cycle Natural Gas 160

Carson Combined Cycle Cogen Natural Gas 103

Cosumnes Combined Cycle Biogas & Natural Gas 495

McClellan Gas turbine Natural Gas 72

Proctor Gamble Combined Cycle Cogen Natural Gas 182

Total 1,012

The summer net dependable capacity (NDC) of SMUD’s 

existing thermal generators are summarized in Table 16. 

These generators are expected to continue to be available 

for dispatch over the forecast period. We also assume 

that a portion of the fuel used by the Cosumnes Power 

Plant will continue to be satis�ed by our biomethane 

supply, which will continue reduce the plant’s overall GHG 

emissions and contribute towards our RPS requirement.  

Note that even though we assume that our thermal 

generators are available up to their net dependable 

capacity during peak demand conditions, we also factor 

in their historical availability and outage rates, taking into 

account both typical maintenance schedules and events 

as well as unplanned (forced) outages in our modeling of 

these resources.

SMUD owns and operates over 673 MW of large and small 

hydroelectric resources as part of the Upper-American 

River Project (UARP). In 2014, SMUD was issued a new 

FERC license that will allow us to continue operating the 

UARP for another 50-years.25 Thus, all hydro resources are 

expected to remain operational throughout the forecast 

period. SMUD also has a long-term contract with the 

WAPA for 336 MW of small and large hydro capacity.  In 

modeling our hydro assets, we base our assumptions 

regarding availability, typical maintenance, outages, etc 

on the historical performance of our units.

25  FERC’s new license order for the UARP can be found here: https://www.waterboards.ca.gov/waterrights/water_issues/programs/water_quality_cert/

docs/uppramrvr/uarp_ferc_license.pdf.

6. Existing energy supply
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Table 18 reports SMUD’s renewable energy portfolio 

comprised of owned and contracted resources.

Resource Type Resource Name
Nameplate 

Capacity (MW)

Biogas/Biomass Kiefer Land�ll 12

Biogas/Biomass Santa Cruz Land�ll 1.4

Biogas/Biomass Simpson Biomass 55

Biogas/Biomass Yolo 3.4

Geothermal Cal Energy 30

Geothermal Patua 21

Small Hydro Camp Far West 7.2

Small Hydro Jones Fork 12

Small Hydro Robbs Peak 22

Solar Feed-In Tariff Projects 98

Solar Rancho Seco PV 11

Solar Recurrent PV 60

Wind High Winds 50

Wind Solano 230

Total 613

Table 18. Existing renewable energy capacity (Nameplate MW)26 

26  Additional RPS-eligible capacity from biogas sources and small solar arrays were not included in this table because of their size or because the gas 

was consumed in our thermal power plants, including the renewable portion of Cosumnes Power Plant and small dairy digester contracts that total 

less than 1 MW.

Table 17. Existing hydroelectric capacity (summer peak NDC MW) 

Resource Name Resource Type

UARP 673

Camp Far West 4

WAPA Hydro 336

Total 1,013

6. Existing energy supply
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6. Existing energy supply

Figure 14. Existing and contracted capacity 2019-2030 (MW Nameplate)

Figure 14 shows SMUD’s existing and contracted capacity 

over the 2019-2030 period. The main reason for the 

reduction of available capacity over time is the expiration 

of some wind and biomass contracts over the period.  
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Over the 2019-2030 period, we expect to add new capacity 

consisting of solar, wind and battery energy storage. The 

Adopted Scenario and resource portfolio is shown and 

discussed in Chapter 9. This section provides an overview 

of the resource alternatives considered by SMUD in the IRP, 

including energy storage, wind, solar PV, biomass & biogas 

and geothermal resources. Distributed resources installed 

behind-the-meter are discussed in Section 5.4 of this report. 

7. New 
resource 
supply 
options

We estimate that between 2019 and 2030, SMUD’s non-

renewable dispatchable resources together with capacity 

available in the rest of the WECC will be suf�cient to 

meet our needs for non-renewable capacity. Therefore, 

our IRP was limited to considering only battery storage, 

renewable energy alternatives and DERs as candidates for 

future resource additions. Also, in our modeling and cost 

assumptions, we expect all potential renewable capacity 

to be fully deliverable to California and thus qualifying for 

the RPS as a portfolio content category 1 resource.27

Costs of new resource options – discussed further in this 

section – were estimated based on available industry 

data from sources such as Lazard, National Renewable 

Energy Laboratory (NREL), Greentech Media Research and 

publicly available data published by the CPUC as part of 

tools and materials supporting CPUC’s IRP proceedings.  

The resource portfolio that was ultimately selected is 

discussed in more detail in Chapter 9 (Results), taking 

into account the relative costs and characteristics of the 

candidate resources and the objectives that the portfolio 

must meet. 

27  See California Public Utilities Code 399.16 for details on the RPS portfolio categories.
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7.1.1  Local vs non-local energy resources

Local energy resources are those that we expect to develop 

within SMUD’s service territory and include solar PV and 

energy storage. Other potential resources, such as biomass, 

wind and geothermal resources were not considered for 

local installation due to cost limitations and/or lack of 

resource potential within Sacramento County.

Some renewable energy resources have limited resource 

potential for expansion within California. 28 Therefore, 

to ensure our IRP does not con� ict with or exceed the 

available potential, we benchmarked our IRP against 

CPUC’s RPS Calculator version 6.2, which provides 

resource potential estimates for California as well as out-

of-state renewable energy sources.

However, it is important to note that the actual resources 

selected in our IRP beyond those already under 

development will depend on many factors, including 

speci� c procurement objectives, solicitation timing, 

developer responses and associated costs we receive 

in resource solicitations. This may in turn also affect 

the portfolio mix if the relative costs between potential 

resources were to change compared to our current 

expectations.  For new generic resource additions, SMUD 

worked with E3’s RESOLVE model to select resource types 

and approximate locations.  These resource locations are 

shown in Figure 15 below for California – in addition we 

also considered new potential resources in New Mexico 

and Southern Nevada.  

Figure 15.California new resource zones

28  Based on available capacity listed in version 6.2 of the RPS calculator which can be found on CPUC’s RPS website: http://www.cpuc.ca.gov/

rps_calculator/.

Source: E3
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Using a variety of sources we estimated the potential 

capacity that could be developed of solar, wind, battery 

storage, demand response and geothermal resources over 

the 2019-2030 period, the results of which are shown in 

Table 19, and discussed in more detail in subsequent parts 

of this section.

Table 19.  Resource potential by resource type considered to be available to SMUD for consideration as future 
                   capacity additions

Resource Type
Within SMUD Service Area  

(MW Nameplate)
In CAISO/WECC  
(MW Nameplate)

Solar (utility scale) 1,000 Not limited

Wind 0 1,200 (In CA) + 900 Non-CA WECC

Geothermal 0 650

Battery Energy Storage (4h) 560 N/A

Demand Response 180 N/A

7. New resource supply options
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7.1.2  Energy storage

Energy storage is a highly �exible resource with a wide 

range of applications that are dependent on the location 

and storage technology. The common element across all 

energy storage systems is the ability to shift energy from 

one time period to another. This can be done through 

chemical, thermal or mechanical storage methods. The 

type of storage is often driven by the speci�c application 

need and the space available to site the storage system. 

We expect costs of battery storage to continue to 

decrease over the forecast period, while the comparable 

cost of conventional thermal power plant capacity 

will remain constant or possibly increase. In addition, 

increased penetration of solar capacity across the WECC 

and CAISO will likely help storage resources become 

more economic as power price differentials between 

solar hours and non-solar hours increase. Further, clean 

�exible resources such as energy storage will be needed 

to support ever-increasing intermittent renewables while 

reducing dependence on natural gas. 

Even though current battery storage technology isn’t a 

viable alternative for a multi-day energy supply source, it 

can provide valuable �exibility to meet ramping needs, 

peak capacity, as well as helping to absorb overgeneration 

of renewable energy.

Utility-scale energy storage has been the subject of 

studies and ongoing research at SMUD, including thermal 

energy storage, pumped hydro storage and battery 

storage. In response to Assembly Bill (AB) 2514, in 2017 

SMUD adopted a target of 9 MW of energy storage to be 

procured by Dec. 31, 2020. 29 SMUD is currently developing 

battery and thermal energy storage programs to meet this 

target. Our 9 MW target is focused on behind-the-meter 

energy storage systems including lithium-ion batteries and 

thermal energy storage within SMUD’s service territory, with 

approximately 80% residential and 20% as commercial and 

industrial installations.

Research and learnings from our current storage program 

will provide opportunities for expansion if found to be 

cost-effective and meeting or exceeding expected system 

bene�ts.  In parallel with SMUD’s R&D efforts on storage, 

we also expect that behind-the-meter battery storage 

adoption will increase substantially in the 2019-2030 

period and could reach as high as 12 MW of behind-the-

meter capacity by 2030.  

Our analyses suggest that larger scale storage will not be 

cost-effective for SMUD until 2025 or later. This result is 

driven by 2 factors: First, storage costs need to decline 

signi�cantly below today’s levels before becoming cost-

effective for SMUD in utility-scale applications. Second, 

our hydro and thermal �eet are �exible enough to 

manage the expected levels of intermittent load and 

generation until at least 2030.

Therefore, prior to achieving cost effectiveness, our 

efforts will likely be focused on R&D applications, 

developing interconnection processes, control strategies, 

communication strategies and the evaluation of 

infrastructure support opportunities.  Success of our early 

programs will position SMUD well to ramp up energy 

storage programs and offerings when costs and system 

needs motivate a wider adoption of storage, currently 

expected to be around 2030. 

Figure 17 shows the expected cost development for 

4-hour lithium-ion batteries in utility-scale applications, 

the most common technology used today. The �gure also 

shows a comparison of costs to conventional gas �red 

capacity – both these technologies can be utilized to meet 

capacity needs.

29  https://www.energy.ca.gov/assessments/ab2514_re-eval_reports/smud/AB_2514_Oct_1_2017_Report_UPDATED_91517.pdf.
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While energy storage is not generally cost effective 

as a new resource for SMUD today, there are niche 

applications that may cause some of our customers to 

become early adopters of energy storage. These include 

solar plus storage to manage onsite power demand and 

production, which would help minimize demand charges.  

Other applications may include onsite improvements of 

power quality and/or power supply security for sensitive 

operations. We will observe these early adoption 

applications to continue anticipating further cost declines 

for storage and the timing for larger scale investments in 

storage by SMUD. 

Figure 16.  Expected levelized installed costs of substation-connected 4-hour lithium-ion battery storage  

                     2019-2030 relative to other capacity options

Source: Battery and CT capacity prices based on E3 Price forecasts.  Net revenue and market price estimates 

based on SMUD analysis of current capacity market prices, �xed operating costs of existing CTs and surveys of 

proprietary market price forecasts.

7. New resource supply options
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7.1.3  Solar PV capacity

As shown in Table 18, SMUD currently has 169 MW of 

local utility-scale solar capacity on our system. By 2021, 

we are also planning to add over 100 MW of capacity 

at our local Rancho Seco site, followed by another 100 

MW of solar under a long-term contract for solar capacity 

at the Navajo solar farm in Southern California that is 

expected to be completed in 2021. These additional solar 

resources are listed as new resources and included in our 

Adopted Resource plan listed in Table 21.

7.1.3.1  Local solar PV

In general, solar PV is among the lowest cost renewable 

technologies, if developed in high solar resource areas. 

While the Sacramento region may have lower overall 

solar potential than other parts of California, it is still 

an attractive area for new solar development. However, 

suitable land for development of new solar resources 

within our service territory is somewhat scarce and 

contributes to limiting the size of any single installation, 

as well limiting the overall local capacity potential.  

These factors translate into a local solar cost premium 

of approximately $7 to $10 per MWh compared to the 

lowest cost areas in Central and Southern California and in 

the other southwestern regions. 

Another challenge for interconnecting additional solar 

resources to our system is the need to carry additional 

operating reserves within the BANC to compensate for 

the intra-hour variability and uncertainty of the resource.  

Due to the relatively modest size of BANC, a new solar 

resource would have a relatively greater impact when 

interconnected to our system compared to the much 

larger CAISO system.

7. New resource supply options
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The maximum potential for new local utility scale solar 

PV capacity is estimated to be about 1,000 MW in the 

Sacramento area. This is based on a high-level analysis of 

available land in Sacramento County that could be used 

for ground-mounted solar development and was based on 

a few simple screening criteria:

• Parcels zoned as industrial or agricultural.

• Parcels located on low-grade agricultural or otherwise 

disturbed land.

• Minimum parcel-size of 100 acres or contiguous 

parcels adding up to 100 acres.

• Location within 5 miles of a 69-kV feeder capable of 

accepting at least 20 MW of PV.

Based on these criteria, we found that 80,000 acres in 

Sacramento County may be available for additional solar 

development. We also worked with Sacramento County 

planning department to apply additional criteria to ensure 

that these parcels could be feasibly permitted with minimal 

effort. The parcels were limited to candidate sites that have 

been identi�ed as deteriorating industrial-zoned parcels or 

vacant land. The additional criteria resulted in 6,000 acres 

of potential sites for solar development which is estimated 

to be able to host up to 1,000 MW of solar PV. Expected 

costs for local and non-local solar PV resources over the 

2019-2030 period are shown in Figure 17.

7.1.3.2  Non-local solar

We also considered the procurement of solar energy 

resources from other balancing areas, including the CAISO 

and out-of-state resources. The best resource potential 

for solar PV development is in Southern California and 

in the desert southwest due to high irradiation while 

still within the WECC and in proximity of California.  

Acquiring solar resources from this area allows SMUD to 

cost-effectively reduce greenhouse gas emissions and 

achieve our RPS targets. However, the challenge with 

procurement of resources from other balancing areas is 

that transmission and wheeling costs can be prohibitive.  

Non-local solar resources also don’t help to improve our 

regional air quality or provide economic opportunities in 

the Sacramento region. 

Based on resource potential estimates by the CPUC published 

in its RPS calculator, up to 180 GW of solar resources could be 

developed elsewhere throughout the WECC and delivered 

to the CAISO. This includes approximately 110 GW within 

California and 70 GW out-of-state.

For modeling purposes, we assume all new projects to be 

�xed tilt monocrystalline silicon panels with 180-degree 

azimuth (south facing) and a horizontal tilt between 20 and 

35 degrees, depending on the latitude of the site. Further, 

we assumed a DC:AC ratio of 1.3 and an inverter ef�ciency 

of 96%. This results in an average annual capacity factor 

ranging from 25 to 35% depending on location. 

Solar energy production was modeled using NREL 

tools. The System Advisor Model was used to produce 

5-minute and hourly electric system output. 30  Weather 

and irradiance data was sourced from the National Solar 

Radiation Database for years 2007 through 2016, as 

available.31  We also assumed that development and 

capital cost would be levelized over 20 years. Figure 

17 shows the expected levelized costs for new solar PV 

resources in the 2018-2030 period based on publicly 

available data sources.

30  https://sam.nrel.gov/ NREL is a national laboratory of the U.S. Department of Energy, Of�ce of Energy Ef�ciency and Renewable Energy, operat -

ed by the Alliance for Sustainable Energy, LLC.  SAM is developed by the National Renewable Energy Laboratory (NREL) with funds from the U.S. 

Department of Energy. SAM collaborates with Sandia National Laboratories for the photovoltaic models and has collaborated with the University of 

Wisconsin’s Solar Energy Laboratory for the concentrating solar power models.
31  https://maps.nrel.gov/nsrdb-viewer. 
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7.1.4  Wind

SMUD owns and operates a signi�cant amount of wind 

generation in Solano County, near Rio Vista. Energy from 

these wind resources are delivered into the CAISO and 

occasionally wheeled to SMUD. The IRP includes our plan to 

repower and expand capacity in this area in the future.These 

capacity additions are included as new resources in Section 

9: Results. Due to a combination of limited additional 

available land in the Solano area and the area’s limited wind 

resource rating, we expect that additional wind resources will 

be developed outside of the Solano wind area.

Until recently, wind resources have been the lowest cost 

renewable resource available in California. While there are 

still some wind resource areas available for development 

in California, most of the major wind resource areas, 

such as Solano County or the Tehachapi area are nearly 

fully developed.  This means that any future resources in 

these areas would need to be done through brown-�eld 

repowering rather than new green�eld development which 

will lead to higher costs compared to other areas in the 

WECC. Therefore, we expect the best areas for future wind 

energy development to be in Wyoming and New Mexico. 

There is also a vast amount of offshore wind potential 

off the Paci�c coast. However, the development of these 

resources is challenged by the depth of sea �oor (which 

would necessitate �oating applications) and the lack of 

transmission to areas with the best wind conditions. There 

are also a host of other considerations that will likely 

need to be addressed, including environmental concerns 

and aesthetic impacts. Therefore, offshore wind was not 

considered as a potential resource for the IRP. 

We estimate that in-state wind potential available to 

SMUD is limited to about 1,200 MW of new resources. 

An additional 900 MW of out-of-state wind resources 

are also estimated to be available for development and 

procurement by SMUD with using existing transmission.  

NREL’s Wind Integration National Dataset Toolkit wind 

datasets were used to produce 5-minute and hourly 

generation pro�les for locations in Wyoming, New 

Mexico, and California, corresponding to the locations 

considered in our IRP. This dataset represents wind power 

production time series, and simulated forecasts created 

using the Weather Research and Forecasting Model run 

on a 2-km grid over the continental United States at a 

5-min resolution over the years 2007 through 2013. 32 33   

We also assumed that development and capital cost 

would be levelized over 20 years.

7.1.5  Geothermal

We estimate that about 650 MW of new geothermal 

resources from out-of-state regions (Paci�c Northwest 

and Southern Nevada) could be available for SMUD in 

the 2019-2030 period.  Geothermal is assumed to be 

a must-take baseload resource operating at a capacity 

factor range of 80 to 84%.  As one of the few resources 

that is both essentially GHG-free and available to 

serve baseload needs, geothermal resources can be 

an attractive future resource option.  However, lead 

times for new developments are often long and the 

underlying production potential of the steam source can 

be uncertain.  In addition, the long-term levelized cost 

of geothermal resources is often signi�cantly higher than 

wind and solar resources (even after considering the 

integration costs of wind and solar).

Therefore, we did not add any new geothermal capacity 

to our resource portfolio as part of the IRP until after 

2030.  However, if new or existing geothermal resources 

were to be offered at competitive prices compared to 

other renewables (e.g. during resource solicitations), or 

if the need for additional GHG-free baseload resource 

arises, we may consider geothermal resources sooner than 

re�ected in our IRP.

32  Draxl, C., B.M. Hodge, A. Clifton, and J. McCaa. 2015. “The Wind Integration National Dataset (WIND) Toolkit.” Applied Energy 151: 355366.
33  https://www.nrel.gov/grid/wind-toolkit.html. 
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7.1.6  Biomass and biogas

SMUD has a long history of supporting research and 

development of new, local bioenergy projects, including 

dairy digesters and land�ll gas projects. Our existing 

resource portfolio includes about 57 MW of biogas and 

biomass projects. The energy from these resources is 

delivered under long-term power purchase agreements, 

some of which will expire in the 2019-2030 period.  We do 

not include these resources in the IRP beyond the expiration 

of existing contract terms but will consider keeping them 

in the portfolio if the terms of renewed agreements are 

competitive with other resource supply options or if the 

baseload nature of the generation is desirable. 

Our IRP portfolio does not include any new biomass or 

biogas resources. The reasons include relative resource 

availability, regulatory risk and high resource costs. We 

have found that the overall resource potential is relatively 

limited and constrained – especially regarding new biogas 

contracts and the regulatory constraints upon it, the size of 

each individual project is often small and the levelized costs 

of energy is far higher than for other potential resources.  

7.1.7  Unspeci�ed resource purchases

As part of our long-term resource portfolio, SMUD plans 

to also partially rely on market purchases from the CAISO 

and the rest of the WECC to complete our energy and 

capacity needs while allowing �exibility to account for 

uncertainty of future demand as well as year-to-year and 

month-to-month �uctuations of intermittent generation, 

hydroelectric generation and load. Depending on the 

overall developments of market prices and resource 

availability in the WECC, we may include additional 

capacity resources into our resource portfolio as needed.  

For example, if the cost of battery storage were to 

undercut capacity market prices sooner than expected, 

SMUD may decide to build battery storage in place of 

buying capacity from the market.  

Figure 17. Levelized costs for new potential resources delivered at the busbar ($/MWh)

Source: E3

7. New resource supply options
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As a utility and as the operator of BANC, we safeguard 

reliability, not only for our customers but also for the 5 other 

member utilities of BANC.  BANC operations are subject 

to regulations and reporting requirements to FERC, NERC 

and the CEC.  We conduct a rolling 10-Year Transmission 

Assessment Plan that focuses on grid reliability and 

necessary system improvements. Section 13 (T&D) below 

discusses our expectations with respect to transmission and 

distribution and the needed investments and upgrades over 

the next several years.  This section is limited to reliability 

assumptions and constraints that are directly considered in 

8. System 
and local 
reliability

modeling our IRP portfolios. The discussion in this section 

therefore includes our planning assumptions regarding 

reserve margin, operating reserves, ancillary services, �exible 

ramping and load following resources that are needed 

to maintain a balanced system in the long term.  It also 

describes the overall balancing responsibilities performed 

by BANC and future potential improvements expected by 

joining the Energy Imbalance Market.  

8.1  Planning reserve margin

SMUD ensures its long-term ability to serve electricity 

demand under all conditions by following federal, state, 

and NERC requirements for reliability and operations. For 

planning purposes, we plan to have suf�cient resources 

to meet 1-in-2 peak load conditions plus a 15% planning 

reserve margin to account for extreme weather, operating 

reserves and unexpected outages. This level is consistent 

with WECC’s planning criteria and matches the system 

resource adequacy requirements used by the CAISO and 

CPUC for resource adequacy.  
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In addition to ensuring that suf�cient capacity and 

reserves are available for the annual and monthly peak 

load, evaluation of energy adequacy is increasingly 

important as capacity of installed intermittent renewable 

resources increases on the customer side of the meter as 

well as on the grid. This is particularly important in the 

long term when we may not only see more renewables 

but also higher levels of energy-limited battery storage.

As discussed in Section 2.7, we determined that a SMUD 

system without the support of thermal generation is 

not a viable resource plan given current battery storage 

costs and technology that falls short of meeting today’s 

reliability standards. We don’t expect battery storage 

to be a suitable replacement of our entire thermal �eet 

during the 2019-2030 forecast period covered in this 

report. However, SMUD will continue studying this 

possibility in future IRP studies.

8.1.1  Local reliability and capacity needs

Within SMUD’s service territory we do not have any 

meaningful transmission constraints that would warrant 

separate local reserve requirements to support local 

reliability. SMUD relies on imports to serve load and to 

ensure suf�cient capacity reserves are available at all 

times.  In order to ensure that our transmission ties remain 

fully available, we must also maintain local generation 

operating at all times.  

Within our service territory we have more than 1,000 MW 

of installed thermal capacity that is capable of serving this 

need, which signi�cantly exceeds the capacity needed 

for securing import capabilities to our service territory.  In 

addition, there are generators within the BANC Balancing 

Authority area that further bolsters our local capacity 

reserves.  We therefore do not model any local constraints 

in the IRP. 

8. System and local reliability
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8.2  Operating reserves and NERC reliability standards

In our system modeling approach, operating reserves 

can be split into 2 categories: NERC reliability-related 

reserves, including contingency and frequency response, 

and other operating reserves.

For contingency reserves, the system must maintain 

suf�cient reserves to mitigate an unexpected system 

change like the sudden loss of a generating unit, load or 

transmission. Currently, these requirements are based on 

the NERC BAL-002-WECC-2a standard, which sets the 

amount of contingency reserve equal to the greater of (1) 

the amount equal to the loss of the most severe single 

contingency in the balancing area, or (2) the sum of 3% 

of hourly integrated load plus 3% of hourly integrated 

generation. At least half of this contingency reserve must 

be spinning and responsive to frequency deviations. 

Frequency response must, on average, meet the minimum 

requirement set forth in the NERC BAL-003-1.1 standard. 

This requirement is in MW/0.1Hz. The requirement for 

SMUD is about 10 MW/0.1 Hz and is expected to be 

covered through the 50% spinning requirement of the 

contingency reserve requirement.

Note that in preparing the IRP, we do not perform detailed 

transmission and reliability modeling. Instead, we rely on 

modeled operating reserves intended to ensure that all 

reliability needs are met. This approximation is validated 

by performing other studies that are focused exclusively 

on reliability, such as our annual 10-Year Transmission 

System Assessment update that evaluates the reliability of 

the SMUD transmission system in the near and long-term 

planning horizons across a variety of system conditions 

following a wide range of contingencies. The assessment, 

which also follows and complies with the NERC TPL-

001-4 Reliability Standard, evaluates the reliability 

of the transmission system by measuring the system 

performance following various contingencies against all 

applicable NERC, WECC, and SMUD performance criteria.  

Operating reserves modeled in this study include hour-

ahead �exibility and regulation reserves as follows:  

• Regulation Reserve – These are spinning, 

synchronized capacity available for deployment within 

a second to minutes timeframe, up to the re-dispatch 

interval of the system. These resources must be on 

automatic generation control since it’s assumed that 

there is no other mechanism to command generation 

changes in this timeframe. 

• Hour-Ahead Flexibility Reserves  – Flex or �exibility 

reserves are held to cover larger unpredicted changes 

in net load outside the regulation timeframe primarily 

due to uncertainty in forecasts of wind and solar 

but may also include load forecast uncertainty.  The 

timeframe for these reserves is from the system re-

dispatch interval to when replacement reserves can 

be activated and online.  A portion of these reserves 

may be met by spinning and synchronized units if the 

reserve amounts necessary require starting up longer-

start units (units with 2 to 6-hour start times).

Our IRP models used dynamic reserve requirements that 

change with time and are based on present or anticipated 

system conditions. This is opposed to static reserve 

requirements that are the same for all periods and/or 

are independent of changing system conditions.  The 

methodology for this approach was developed by the 

Electric Power Research Institute (EPRI).34 

According to EPRI, dynamic reserve requirements take 

advantage of information that the variability or uncertainty 

may be greater or lesser for the period in question, 

such that the requirements for operating reserves can 

be adjusted accordingly. Too little reserve can lead to 

greater risk or lower reliability.  Too much reserve can 

lead to excessive costs that have little reliability bene�t.  

Although dynamic reserve requirements have not been 

widely adopted, EPRI sees this as an emerging state-of-art 

approach for operational scheduling. 35  

34  An Enhanced Dynamic Reserve Method for Balancing Areas. EPRI, Palo Alto, CA: 2017. 3002010941.
35  Reserve Determination Methods for Sacramento Municipal Utility District. EPRI, Palo Alto, CA: 2018. 3002012932.

8. System and local reliability



79

Table 20.  Operating reserve assumptions for production cost model (MW)

Regulation Hour Ahead Flex

Reserve Type Mean Up Mean Down Max Up Max Down Mean Up Mean Down Max Up Max Down

2019-2020 14 14 31 31 31 33 80 83

2021-2024 15 16 33 33 38 44 129 139

2025-2030 16 17 35 36 43 50 161 172

Table 20 provides a snapshot of the operating reserves that 

are modeled to capture reliability in our IRP modeling.

8.2.1  Simplifying assumptions for the RESOLVE model

We used RESOLVE for part of our modeling, as discussed 

in Chapter 4. This model simpli�es the electricity system 

to 37 representative days and therefore does not allow for 

the use of dynamic reserves. To capture NERC balancing 

requirements, the following assumptions were made:

Regulation up and down 

• 1% of load in every hour.

• Does not scale or vary with renewable penetration 

(functionality does not exist in RESOLVE).

Hour Ahead Flex up and down 

• 2% of load in every hour plus incremental needs 

driven by new renewables.

• For solar, incremental needs based on regression from 

SMUD’s �exible reserves assumptions. 

• For wind, incremental needs assumed to be 5% of 

installed capacity.

Spinning reserves  

• 3% of load in every hour.

8.3  Energy Imbalance Market

The EIM is a market for imbalance energy operated 

by the CAISO.  It is an automated, real-time energy 

wholesale market that matches the lowest cost electricity 

supply with demand every 15 minutes and dispatches 

every 5 minutes. EIM participants must submit balanced 

load and resource schedules (including ramping ability) 

to the CAISO for each market cycle, using the EIM only 

for the last-minute unbalanced portion of load and 

resources. SMUD as a member of BANC, will join the 

EIM in April 2019.  

We expect that joining the EIM will provide improved 

�exibility in our operations and help to integrate 

renewable energy on our system as well as provide 

greater access to regional markets which could offer 

opportunities for cost savings that would bene�t our 

customers. Studies performed by the CAISO show 

that so far, the EIM has provided more than $500M 

of savings for its members, of which $100M+ were 

achieved in 2018.36 

36  https://www.westerneim.com/Documents/ISO-EIMBene�tsReportQ3-2018.pdf.

8. System and local reliability
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The results of SMUD’s 2018 IRP, as presented in this 

report, are framed in the context of satisfying CEC’s review 

guidelines and to inform policy direction on our long-term 

GHG reduction targets. Details that are presented here 

include information and data through 2030. Additional 

high-level results that extend through 2040 are included 

to support policy discussions related to long-term GHG 

reduction strategies and are also available in the Board-

adopted IRP that is enclosed in Appendix C to this 

supplemental report.

9.  
Results

Because the primary focus of this IRP cycle was to examine 

GHG reduction strategies, our scenarios are all focused 

on exploring alternative GHG targets and clean sources of 

supply or demand reduction. These results presented in 

this section are based on the scenarios that were described 

in Chapter 2.7 of this report. We present results on our 

Adopted resource scenario as well as on the alternative 

GHG scenarios that were considered by our Board.  

9.1  Adopted Scenario

The Adopted Scenario represents the resource portfolio 

and overall GHG reduction roadmap adopted by the 

SMUD Board on Oct. 18, 2018 and that is highlighted 

in the updated Strategic Directive 9 (See Figure 8 for 

details). The Adopted Portfolio was selected following 

Board discussions and stakeholder interactions that 

spanned several of the Board’s meetings between May 

and October, 2018.
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9.1.1  Resource portfolio

The Adopted resource portfolio is focused on reducing 

SMUD’s direct emissions from its operations to 1 MMT 

of GHG by 2040 while at the same time contributing to 

signi�cant electri�cation in the Sacramento region.

Taken together, this is expected to result in emission 

reductions in other sectors of the economy that will serve 

to offset our greenhouse gas emissions, thus creating a 

net-zero greenhouse gas emissions result.

For this scenario, we used RESOLVE as a capacity 

expansion model to determine the least cost portfolio 

of new resources. The model was constrained to reduce 

our greenhouse gas emissions to 1 MMT by 2040. As 

mentioned in Section 7, the resource options were 

constrained to GHG-free resources, battery storage and 

market capacity purchases.

For our Adopted Portfolio, we expect that SMUD will 

continue to rely on market purchases from the CAISO and 

Northwest power markets to complement our capacity 

needs and ensure that planning reserve margin levels are 

maintained. Over the forecast period, we expect these 

market purchases will decline from an estimated 907 MW 

in 2020 to 403 MW in 2030 as a result of our investments 

in energy ef�ciency, demand response, new renewable 

energy and battery storage. We use market purchases of 

capacity mainly because market-available capacity has so 

far been relatively inexpensive and while overall capacity 

prices are expected to increase over the forecast period, 

we still expect capacity prices to remain below the cost of 

building new capacity at least until towards the end of the 

next decade.  

By 2030, the cost of 4-hour battery storage is expected 

to be competitive with capacity markets and construction 

of conventional thermal capacity, which is born out in the 

capacity expansion results that add over 240 MW of grid 

connected 4-hour battery storage in 2030. Utility-scale 

storage is expected to look even more favorable post-

2030 as its cost continues to decline and conventional 

capacity markets tighten. Note, however, that we see a 

need for adding signi�cant battery capacity in 2030, we 

may also spread the capacity procurement over several 

years to facilitate implementation and �ne-tune the supply 

to our needs.  

Table 21: New supply and demand response resources for the Adopted Scenario (MW)

Units=MW Capacity (1) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Biogas/Biomass NDC 7 7 7 - - - - - - - -

Small Hydro NDC 3 3 3 3 3 3 3 3 3 3 3

Wind
Nameplate 200 200 200 200 268 268 268 268 268 503 554

NDC 32 32 32 32 69 69 69 101 130 144 166

Solar
Nameplate 0 100 100 100 100 100 100 100 100 153 200

NDC 0 60 58 56 55 54 51 68 73 71 81

Solar 
SolarSharesSM

Nameplate 143 143 155 167 179 189 202 217 234 249 264

NDC 11 73 77 82 85 88 91 96 100 105 109

Battery Storage 
4hr

NDC - - - - - - - - - - 246

Demand 
Response

NDC 116 124 130 136 143 149 153 159 170 185 197

Market Purchases NDC 907 798 842 850 818 859 853 787 720 694 403

Total NDC 1,076 1,539 1,604 1,626 1,721 1,778 1,791 1,798 1,798 2,108 2,223

(1)  NDC= Net dependable capacity at the coincident summer peak load conditions. NDC for solar and wind are ELCC; Nameplate = rated maximum 

generation (AC) capacity.

9. Results
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9.1.2  Energy balance and capacity accounting

System load, or our net energy for load, is forecasted to 

increase from 11,300 GWh in 2020 to just under 12,000 

GWh in 2030.37  Modeling results show that our annual 

portfolio continues to transition away from GHG-emitting 

sources to GHG-free resources, such as renewables and 

hydro. Over this forecast period, GHG-free resources 

increase from 51% of system load in 2019 to 69% by 2030 

(equivalent to an increase from 54% to 74% of retail sales).  

Figure 18 shows our annual energy balance, i.e. what 

resources will be used to meet our demand for electricity 

in the 2019-2030 period.  

Given the limited geographical region SMUD covers, most 

of our renewable procurement that’s needed to meet RPS 

requirements occurs outside our service territory. The 

energy from these resources will be delivered into either 

the CAISO wholesale market or delivered to SMUD for 

serving load, depending on the CAISO dispatch locational 

marginal price, CAISO TAC and REC value.  Allowing 

delivery of CAISO renewables to load during low market 

price periods reduces the need to curtail solar generation, 

particularly in Southern California.  Simulated deliveries of 

renewables delivering to the CAISO are included with net 

market purchases in Figure 18. 

37  These system loads differ slightly from the load forecast presented in other sections of this report. System loads include contributions from battery 

storage (charging load), bulk transmission line losses, and effects of distributed energy resources and demand response programs.

Figure 18.  Annual energy balance
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SMUD plans to a reserve margin of 15% of managed load, 

accounting for contributions from distributed resources 

and demand response programs.  SMUD thermal and 

hydro resources are expected to be available up to their 

net-dependable capacity during the peak month. 38  The 

contributions of renewables were based on the effective 

load carrying capability of the resources. With the inclusion 

of market purchases of capacity, SMUD’s plan meets or 

exceeds our planning reserve requirements for all years of 

the study.  Figure 19 shows the estimated capacity balance 

by resource type for the 2019-2030 period.

The distributed energy resources in our plan include 

customer-side solar and storage, energy ef�ciency, and 

building and vehicle electri�cation.  Taken together these 

demand-side resources reduce our system peak, as shown 

38  See also section 6.1.2 for more discussion of our existing thermal and hydro capacity and their expected availability.
39  The demand response here is grossed up by 15% to account for direct demand reductions, which also reduce our need to carry additional planning reserves.

Figure 19. Annual capacity balance 2019-2030 (MW)

in Figure 21.  DERs are expected to reduce our system 

peak by 189 MW in 2019 and 538 MW in 2030. Most of 

these impacts come from energy ef�ciency and customer-

installed  solar.  Our demand response plan is expected to 

reduce our system peak by 101 MW in 2019 and 171 MW 

in 2030.39 

The energy balance of Figure 18 and the capacity balance 

of Figure 19 demonstrate that the Adopted Scenario 

represents a diversi�ed mix of short term and long term 

resources as well as a mix of conventional and renewable 

energy and capacity.  Market capacity resources are 

expected to be purchased from the CAISO or the Paci�c 

Northwest depending on market prices, import costs 

and carbon content of the potential power that would be 

delivered under such capacity purchases.  
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9.1.3  Net demand during summer peak hours

Figure 20 shows an example of how our resource portfolio 

is used to meet demand for a 24-hour period of a high 

demand summer day in 2030, including a breakdown of 

each resource by hour on the demand side and on the 

supply side. 

Today, our peak load generally occurs between 4 and 6 

p.m. during the summer. Over time, as the level of energy 

ef�ciency, building electri�cation, and vehicle charging 

loads increases, our load shape begins to �atten and by 

2030 this results in a load shape that varies only by 10% 

between 12 and 7 p.m., with a peak of net demand at 7 

pm.  During these peak load conditions, and for a several 

hours prior, the CAISO NP-15 market price forecast is 

generally low due to an abundance of solar generation, 

which means that the lowest cost power available for our 

system is imports from the CAISO (Shown in Figure 20 

as “Imports”).  The example also suggests that batteries 

charge between 8 a.m. and 1 p.m., absorbing low-cost 

market power for use during higher priced hours.

By 2030, the Adopted Scenario includes over 250 MW of 

grid-scale solar capacity within SMUD’s service territory.  The 

total capacity of intermittent resources within SMUD’s territory 

shifts our net system peak out to hour 19, from hour 16.  Here, 

net system peak is the system peak minus contributions 

from intermittent resources directly serving our load. The net 

system peak is relatively �at from hours 16 to 19. 

Figure 20 also shows how our thermal power plants 

are dispatched in response to market signals while 

maintaining minimum levels to safeguard system reliability 

and meet operational constraints.  Unspeci�ed market 

purchases, under the market price forecast used in this 

analysis, are expected to peak at 1,500 MW.  As market 

prices increase, our hydro assets ramp up and along 

with battery storage discharge power, �ll in the need for 

power at the time of our net system peak. This allows for 

our natural gas thermal output to remain �at while our 

market purchases decline.  Our geothermal and biomass 

resources generate as baseload resources and therefore 

are not assumed to be �exible load following resources. 

Figure 20. Resource contributions to the 2030 peak and net peak load40

40  Net Market Purchases includes unspeci�ed procurement and sales from/to the CAISO and the Paci�c Northwest as well as speci�ed renewable 

procurement from resources delivering power to the CAISO.
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9.1.4  Net demand during spring low-load and peak 

hydro conditions

Besides summer peak load conditions, increasing 

penetration of renewable energy can also result in 

challenging conditions during low load periods. For 

SMUD, this is particularly true during springtime when 

solar output is often strong, hydro runoff is at its peak and 

overall demand is modest. As an example, we evaluated 

the performance of our Adopted Portfolio for a Sunday in 

April of 2030. Figure 21 provides an example of the hourly 

resource supply in this situation.  

Under these forecasted market conditions in 2030, the 

CAISO market prices are negative from 8 a.m. through 

4 p.m. Additionally, Paci�c Northwest market prices at 

COB are also negative from 8 a.m. to 10 a.m. For this day, 

SMUD’s utility storage is dispatched to meet internal load 

and reduce or increase net imports based on external 

market signals from COB and CAISO.  To maximize the 

economic value, the batteries are dispatched during 

multiple periods during the day (see Figure 21).

Figure 21. Example of low-load and high-hydro conditions in 2030

In the morning and evening, the batteries dispatch such 

that SMUD’s load is met with hydro, batteries, renewables 

and gas �red generation operating at or near minimum 

operational levels except to meet ramping needs and 

overnight demand.  Imports are primarily traced back to 

renewable resources delivering energy to the CAISO.  

Our hydro generation is minimized when the CAISO NP-

15 and the COB energy prices drop to negative values 

and instead market purchases are maximized.  Reducing 

our hydro generation may result in the need to spill at 

Slab Creek to comply with minimum �ow requirements on 

the American River under certain conditions.  Otherwise, 

the simulated system appears �exible enough to store 

run-off until needed in the shoulder periods.

The relative “lumpiness” of the system load is directly 

related to the load swings from battery charging. Total 

system loads increase by as much as 150 MW when the 

battery transitions from discharging to charging.  

9. Results



86

In the evening, as our solar contracts cease to deliver 

energy, our hydro assets and contracted resources are 

capable of ramping quickly to absorb most of the need.  

On this day, we see a maximum 3-hour ramp of 840 

MW starting at 4 p.m. (hour beginning 16), that is part 

of a 5-hour ramp of over 1,200 MW starting at 3 p.m. 

Our hydro assets are dispatched in the simulation to 

absorb the bulk of the 3-hour ramp and the remaining 

ramping needs are easily met with the Cosumnes Power 

Plant, however, due to the negative market prices, the 

simulation chooses to import unspeci�ed power before 

ramping Cosumnes.

The ramping and potential over-generation from 

solar PV does not cause operational concerns for our 

system. Instead, SMUD, by using the �exibility of our 

system can increase imports and thereby help alleviate 

overgeneration issues in the CAISO market while at 

the same time reducing our costs for serving load. Our 

analyses show that even during conditions with low-

load coupled with high renewable and hydro energy 

we expect to be able to import the vast majority of our 

contracted solar and wind generation in the CAISO, 

thereby contributing to mitigating curtailment impacts 

for other resources in the CAISO market. We have found 

that there is a slight risk of curtailment, primarily during 

the spring run-off months in the 2025-2029 period prior 

to the planned addition of large-scale battery storage 

in our portfolio. However, even under these challenging 

conditions the risk of curtailment of our resources is 

estimated to be less than 0.7% of the annual energy from 

our CAISO-interconnected wind and solar resources.

9.1.5  Local net zero

The Adopted Scenario has a goal of limiting our annual 

generation portfolio emissions to 1 MMT by 2040, while 

we also drive the transformation of Sacramento’s economy 

to a low-carbon future through electri�cation and other 

SMUD programs. This requires signi�cant investments 

in programs, customer education and incentives that 

will bene�t the local community by reducing emissions 

associated with fossil fuel combustion including both 

greenhouse gases and criteria pollutants, particularly in 

disadvantaged communities. 41  

41  See https://doi.org/10.5194/acp-18-4817-2018
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SMUD has an important role in facilitating state-wide 

greenhouse gas reductions. The Sacramento region will 

need to undergo a signi�cant transformation to achieve 

the State’s climate goals. In our Adopted Scenario, 

we consider not only direct emission reductions from 

our own operations and energy ef�ciency, but also the 

indirect effects that result from our support of regional 

electri�cation of buildings and transportation. With this 

approach we focus more of our efforts locally, bringing 

both economic and environmental bene�ts to the region.  

Under the Adopted Scenario, investments will signi�cantly 

lower Sacramento area overall GHG emissions. However, 

absent the substantial, new renewable investments 

re�ected in our IRP, SMUD’s own emissions would increase 

because of continued electri�cation of transportation 

and buildings. Our focus on renewable energy supply 

in combination with cleaner and more energy ef�cient 

demand is therefore key to our resource plan.  

Figure 22 illustrates the GHG emissions gap that we 

need to �ll for our net emissions to get to net zero 

through emission reductions in other sectors because of 

electri�cation. One challenge of this net zero approach is 

measuring the impacts of local measures relative to other 

statewide and regional efforts to reduce GHG emissions 

through electri�cation of transportation and building 

uses. Quantifying SMUD’s effect on the adoption rate of 

EVs and heat pumps will require understanding of how 

effective programs are at enabling and driving customer 

adoption and in�uencing customer choice. This will require 

future studies of consumer preferences and program 

effectiveness. Performing these studies over the next 

few years is an important component of our IRP action 

plan. Our preliminary high-level analyses suggest that the 

electri�cation we envision will more than close the one 

million metric ton gap in 2040, as illustrated in Figure 23.

Figure 22.  SMUD’s long term greenhouse gas goals and ARB greenhouse gas planning  
                      targets by 2040
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